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(54) 1 ,4-DISUBSTTTUTED PIPERIDINE DERIVATIVES 

(57) Novel 1 ,4-disubstituted piperidine derivatives represented by general formula (I) and pharmaceutically accept- 
able salts thereof, wherein Ar represents phenyl wherein one or two arbitrary hydrogen atoms on its ring may be sub- 
stituted by substituent(s) selected from the group consisting of halogeno and lower alkyl or an aromatic 5- or 6- 
membered heterocycle having one or two heteroatoms selected from the group consisting of oxygen, nitrogen and sul- 
fur; R 1 represents C3.6 cydoalkyl or C^ cydoalkenyl; R 2 represents saturated or unsaturated aliphatic C^s hydrocar- 
bon group; and X represents O or NH. The compounds have a selective antagonism against the muscarine M 3 receptor 
and a high safety with little side effect Thus they are useful in the treatment or prevention of respiratory diseases such 
as asthma, chronic respiratory obstruction and pulmonary fibrosis, urological diseases accompanied with urination dis- 
orders such as frequent urination, urgency of micturition and urinary incontinence and digestive diseases such as con- 
vulsion or motion hyperenergia of the digestive tracts and irritable large intestine. 
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Description 
Technical Field 

5 This invention relates to novel 1 .4-di-substrtuted piperidine derivatives, processes for preparing them, and their use 

in medicine, especially in the treatment or prophylaxis of various diseases of the respiratory, urinary and digestive sys- 
tems 

Background Art 

w 

Compounds having antagonistic activity against muscarinic receptors are known to cause bronchodilation. gas- 
trointestinal hypanakinesis. gastric hyposecretion, thirst, mydriasis, suppression of bladder contraction, hypohidrosis. 
tachycardia and the like TBasic and Clinical Pharmacology". 4th ed., APPLETON & LANGE. pp. 83-92 (1989); Drug 
News & Perspective. 5(6). pp. 345-352 (1992)]. 

is There are three subtypes of muscarinic receptors. That is. the receptors are present mainly in the brain, the M2 
receptors in the heart and the like, and the M 3 receptors on smooth muscles and glandular tissues. Up to this time, a 
large number of compounds have been known to exhibit antagonism against muscarinic receptors. However, the exist- 
ing compounds non-selectively antagonize the three subtypes of muscarinic receptors. Consequently, when it is tried 
to use these compounds as therapeutic or prophylactic agents for diseases of the respiratory system, they have the dis- 

20 advantage of causing side effects such as thirst, nausea and mydriasis, particularly serious side effects associated with 
the heart, such as tachycardia mediated by the Nfe receptors. Accordingly, it would be highly desirable to overcome this 
disadvantage. 

Disclosure of the Invention 

25 

According to the present invention, there are provided novel 1 ,4-di-substituted piperidine derivatives of the general 
formula [I] 



30 



Ar O 

HO— J fj-x— / N- R 2 



[I] 



35 

and the pharmaceutical^ acceptable salts thereof, wherein: 

Ar represents a phenyl group or a five- or six-membered heteroaromatjc group having one or two hetero atoms 
selected from the group consisting of an oxygen atom, a sulfur atom and a nitrogen atom in which one or two hydro- 
40 gen atoms on the ring may be replaced by substituent groups selected from the group consisting of a halogen atom 
and a lower alkyl group; 

R 1 represents a cycloalkyl group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 carbon atoms; 
R 2 represents a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms; and 
X represents O or NH. 

45 

The compounds of the above general formula [Q which are provided by the present invention have high and selec- 
tive antagonistic activity against the muscarinic M 3 receptors and can hence be used safely with a minimum of side 
effects. Accordingly, they are very useful in the treatment or prophylaxis of diseases of the respiratory system, such as 
asthma, chronic airway obstruction and fibroid lung; diseases of the urinary system accompanied by urination disorders 
so such as pollakiuria, urinary urgency and urinary incontinence; and diseases of the digestive system, such as irritable 
colon and spasm or hyperanakinesis of the digestive tract. 

Best Mode for Carrying Out the Invention 

55 The present invention is more specifically described hereinbelow. 

As used herein, the term "halogen atom" comprehends fluorine, chlorine, bromine and iodine atoms. 
The term "lower alkyl group" means linear or branched alkyl groups having 1 to 6 carbon atoms, and comprehends, 
for example, methyl, ethyl . propyl, isopropyl. butyl, sec-butyl, tert-butyl, pentyl. isopentyl. hexyl and isohexyl. 
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The term live- or six-membered heteroaromatic group" comprehends, for example. 2-pyrrolyl, 3-pyrrolyl. 2-furyl, 3- 
furyl 2-thienyl. 3-thienyt, 3-pyrazolyl, 4-pyrazolyl, 3-isoxazolyl. 5-isoxazolyl, 3-isothiazolyl. 4-isothiazolyl, 5-isothiazolyl. 
2-imidazolyl. 4-imidazolyl, 2-oxazolyl. 4-oxazolyl, 5-oxazolyl. 2-thiazolyl. 4-thiazolyl, 5-thiazolyl. 2-pyridyl, 3-pyndyl, 4- 
pyridyl. 3-pyridazinyl, 4-pyridazinyl. 2-pyrimidinyl. 4-pyrimidinyl and 2-pyrazinyl. 
s The term "cycloalkyl group of 3 to 6 carbon atoms" comprehends, for example, cyclopropyl. cyclobutyl . cyclopentyl 

and cyclohexyl. ^ 
The term "cycloalkenyl group of 3 to 6 carbon atoms" comprehends, for example, cyclopropenyt. cyclobutenyl. 

cyclopentenyl and cyclohexenyl. 

The term "saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms means linear or 

w branched aliphatic hydrocarbon radicals having 5 to 15 carbon atoms, and comprehends, for example, alkyl. alkenyj 
and alkynyl groups, cydoalkylalkyl and cycloalkylalkenyl groups in which an optional hydrogen atom(s) on the cycloalkyl 
ring may be replaced by a lower alkyl group(s). bicycloalkyl alkyl and bicycoalkylalkenyl groups in which an optional 
hydrogen atom(s) on the bicycloalkyl ring may be replaced by a lower alkyl group(s). cycloalkenylalkyl and cyloalkeny- 
lalkenyl groups in which an optional hydrogen atom(s) on the cycloalkenyl ring may be replaced by a lower alkyl 

is group(s), bicycloalkenylalkyl and bicydoalkenylalkenyl groups in which an optional hydrogen atom(s) on the bicy- 
cloalkenyl ring may be replaced by a lower alkyl group(s). and cydoalkylalkynyl and cydoalkenylalkynyl groups. 
Specific examples of such aliphatic hydrocarbon radicals include: 

alkyl groups such as 1-methylbutyl, 2-methylbutyl. 3-methylbutyl. pentyl. neopentyl. tert-pentyl. 1-methytpentyl, 2- 
20 methytpentyl. 3-methylpentyl. 4-methylpentyl. hexyl. isohexyl. 1-methylhexyt. 2-methylhexyl. 3-methylhexyl, 4- 
methylhexyl, 5- methyl hexyl. 2.4-dimethylpentyl, 2-ethylhexyt. 4.5-dimethythexyl, 4.4-dimethylperttyl. heptyl. 4- 
methylheptyl. octyl. nonyl. decyl. undecyl. dodecyl. tridecyl. tetradecyl and pentadecyl: 

alkenyl groups such as 3-methyl-2-butenyl. 2-pentenyl. 3-pentenyl. 4-pentenyl. 3-methyl-2-pentenyl, 3-methyl-3- 
pentenyl. 4-methyl-2-pentenyl, 4-methyl-3-pentenyl. 4-methyl-4-pentenyl. 2-hexenyl, 3-hexenyl, 4-hexenyl. 4- 
25 methyl-2-hexenyl. 4-methyl-3-hexenyl. 4-methyl -4-hexenyl. 5-methyl-2-hexenyl, 5-methyl -3-hexenyl. 5-methyl-4- 
hexenyl 5-methyl-2-heptenyl. 5-methy1-3-heptenyl. 5-methyl-4-heptenyl, 5-methyl-5-heptenyl. 3.5<limethyl-2-pen- 
tenyl. 3,5-dimethyl-3-pentenyl. 4,5-dimethyJ-2-hexenyl. 4.5-cfimethyl-3-hexenyt. 4.5-dimethyl-4-hexenyl. octenyl. 
nonenyl. decenyl. undecenyl. dodecenyl. tridecenyl. tetradecenyl and pentadecenyl; 

alkynyl groups such as 2-pentynyl. 3-pentynyl. 4-pentynyl, 4-methyl-2-pentynyl, 4-methyl-3-pentynyl. 4-methyl-4- 
30 pentynyl. 2-hexynyl, 3-hexynyt, 4-hexynyl. 4-methyl-2-hexynyl, 4-methyl-3-hexynyl, 4-methyl-4-hexynyl, octynyl. 
nonynyl, decynyl, undecynyl, dodecynyl. tridecynyl. tetradecynyl and pentadecynyl; 

cydoalkylalkyl groups in which an optional hydrogen atom(s) on the cycloalkyl ring may be replaced by a lower alkyl 
group(s). such as cydopropylethyl. cydopropylpropyl. cyclopropylbutyl. cydopropylperttyl. cydopropylhexyl, cydo- 
propylheptyl. cyclobutytm ethyl, cydobutylethyl, cyclobutylpropyt. cyclobutylbutyl, cyclobutylpentyl. cydopentylme- 

35 thyl, cyclopentyt ethyl, cydopentyl propyl, cyclopentylbutyl, cyclohexylmethyl, cyclohexyl ethyl, cyclohexyl propyl, 
cydohexylbutyl, cycloheptylmethyl. cyclo heptyl ethyl, cycloheptylpropyl. cycloheptylbutyl, eye looctylm ethyl, 
cydooctylethyl. cyclooctylpropyt, cydooctylbutyl. 1 -methylcy c lop entyl methyl. 2-methylcyclopentytmethyl, 3-methyl- 
cydopentylmethyl. 1-ethylcyclopentylmethyl. 2-ethylcyclopentylmethyl. 3-ethylcydopentylmethyl. 2-cyclopentyle- 
thyl 2-(1-methylcydopenty0ethyl, 2-(2-methylcyclopentyt)ethyl. 2-(3-methylcyclopentyl)ethyl, 2(1- 

40 ethylcydopentyl)ethyl, 2-(2-ethylcydopentyl)ethyl. 2-(3-ethylcyclopenty0ethyt. 1 -methylcydohexylmethyl. 2-methyl- 
cydohexylmethyl, 3-methylcyclohexyl methyl. 4-methyl cyclohexyl methyl. 1-ethylcyclohexylmethyl, 2-ethylcyclohex- 
ylmethyl. 3-ethylcydohexylmethyl. 4-ethylcydohexylmethyl. cyclohexylethyl. 2-(1-methylcydohexyl) ethyl. 2-(2- 
methylcyclohexyl)ethyl. 2 -(3 -methyl cyclohexyl) ethyl. 2-(4-methyIcydohexyl)ethyl, 2-(1-ethylcydohexyl)ethyl. 2-(2- 
ethylcydohexyljethyl. 2-<3-ethytcydohexyl)ethyl, 2-(4-ethylcyclohexyl) ethyl. 1-methylcycloheptylmethyl. 2-methyl- 

45 cydoheptylmethyl, 3-metnylcycloheptylmethyl, 4-methylcycloheptylmethyl, 1 -ethylcycloheptytmethyl. 2-ethylcy- 
cloheptylmethyl. 3 -ethylcycloheptyl methyl, 4-ethylcydoheptylmethyl. 2K:ycloheptylethyl. 2-(1- 
methylcydoheptyl)ethyl, 2-(2-methylcycloheptyf)ethyl. 2-{3-methylcydoheptyl)ethyl. 2-(4-methylcydoheptyl)-ethyl. 
2-{1-ethylcydoheptyl)ethyl. 2-(2-ethylcycloheptyl)ethyl, 2-(3-ethytcyclohepty0ethyl. 2-(4-ethylcydoheptyl)ethy1. 1- 
methylcydooctylmethyl. 2-methylcyclooctylmethyl, 3-methylcydooctyl methyl. 4-methyl cyclooctyl methyl. 5-methyl - 

so cydooctylmethyl. 1 -ethylcydooctyl methyl. 2-ethylcyclooctylmethyl. 3-ethylcydooctyl methyl, 4-ethylcyclooctyl me- 
thyl 5-ethylcydooctylmethyl, 2-(1 -methylcydoocty1)ethy1. 2-(2-methylcydooctyl)ethyl, 2-(3-methylcydoocty1) -ethyl. 
2-<4-methylcydooctyl)ethyl, 2-(5-methylcydooctyl) ethyl. 2-(1-ethylcyclooctyl)ethyl. 2-(2-ethylcydooctyl)ethy1. 2-{3- 
ethylcydooctyl)etnyi. 2-(4-ethylcyclooctyl) ethyl and 2-(5-ethylcydooctyl)-ethyl; 

cydoalkylidenealkyl groups such as cydopropylideneethyl. cydopropylidenepropyl. cyclopropyl idenebutyl, cydo- 
propylidenepentyl. cydobutylideneethyl. cydobutylidenepropyl. cyclobutylidenebutyl, cydobutylidenepentyl. 
cydoperrtylideneethyl, cydopentylidenepropyl. cyclopentyl idenebutyl, cyclop entyl id en epentyl, cydohexylidenee- 
thyl, cyclohexylidenepropyl. cydohexylidenebutyl. cyclohexylidenepentyl. cycloheptylidenethyl, cydoheptylidene- 
propyl. cydoheptylidenebutyl. cydoheptylideneperttyl. cydooctylidenethyl, cydooctylidenepropyl. 
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cydooctylidenebutyl and cydooctytidenepentyl; 

cydoalkytalkenyl groups such as cydopropylpropenyl, cydopropylbutenyl. cyclopropylpentenyl, cydopropylhexe- 
nyt, cydopropytheptenyl, cydobutylpropertyl, cydobutyfoutenyl, cydobutylpentenyl, cydopentylpropenyl, 
cydopentylbutenyl, cyclopentylpentenyl, cydohexylpropenyl, cydohexytbutenyl, cyclohexytpentenyl, cydoheptyl- 
propenyl and cyclooctytpropenyl; bicydoalkylalkyl groups in which an optional hydrogen atom(s) on the bicycloalkyl 
ring may be replaced by a lower alkyl group(s). such as bicydo[4.1.0]hept-1-ylmethyl. bicydo(4.1.0]hept-2-ylme- 
thyl, bicydo[4.1.0]hept-3-ytmethy1. bicydo{4.1.0]hept-7-yl methyl bicydo[3.3.0]oct-1-y1methyl. bicyclo[3.3.0]oct-2- 
ylmethyl, bicyclo[3.3.0]oct-3-ylmethyl. bicydo[4.1.0]hept-l-yl ethyl, bicyclo[4.1.0]hept-2-ylethyl. bicyclo[4.l.0]hept- 

3- ylethyl, bicydo[4.1.0lhept-7-ylethyl, bicyclo[3.3.0]oct-1 -ylethyl. bicydo[3.3.0]oct-2-ylethyl, bicydo[3.3.0]oct-3-y1e- 
thyl, bicyclo[3.2J]oct-1-ylmethyl, bicyclol3.2.1]oct-2-ylmethyl. bicydo[3.2.1loct-3-ylmethyl. bicydo[3.2.1]oct-8- 
ylmethyl bicyclo[4.4.0Jdec-1 -ylmethyl, bicyclo[4.4.0Jdec-2-ylmetnyt bicyclo[4.4.0]dec-3-y1methy1, bicyclo[4.3.0]non- 
1-ylmethyl. bicydo[4. 3. 0]non-2-yl methyl, btcyclo[4.3.0]non-3-y1methy1, bicydo[4.3.0]non-7-ytmethyl. bicy- 
clo[3.3.1]non-1-ytmethy1. bicyclo[3.3.1]non-2-ylmethy1, bicyclo[3.3.1]non-3-ylmethyl. bicydo[3.3.1]non-9-y1methyl. 
bicyclo[3.1.0]hex-1-y1methyt, bicyclo[3.1.0]hex-2-ylmethyl. bicyclo[3.1.0]hex-3-ytmethyl and bicydo[3.1.0]hex-6- 
ylmethyt; 

bicycloalkytalkenyl groups in which an optional hydrogen atom(s) on the bicydoalkyl ring may be replaced by a 
lower alkyl group(s). such as bicydo[4.1 .0]hept-1 -ylethenyl. bicyclo[4.1.0]hept-2-ylethenyl, bicyclo[4. 1 .0]hept-3- 
ytethenyl and bicydo[4.1.0]hept-7-ylethenyl; 

cydoalkylalkynyl groups such as cyclop ropytpropynyt, cydopropylbutynyl, cydopropylpentynyl, cyclopropylhexynyl. 
cydopropylheptynyl. cyclobutylpropynyl. cyclobutylbutynyl. cydobutyfpentynyl, cyclop entylpropynyl, cydopentylbu- 
tynyl, cyclopentylpentynyl, cyclohexytpropynyl, cyclohexylbutynyi and cyclohexylpentynyl; 
cydoalkenylalkyl groups in which an optional hydrogen atom(s) on the cydoalkenyl ring may be replaced by a lower 
alkyl group(s), such as cyclopropenylethyl, cyclopropenylpropyl. cydopropenylbutyl, cydopropenylpentyl, cyclopro- 
penylhexyl, cydopropenylheptyl, cyclobutenylmethyl. cydobutenylethyl. cydobutenylpropyl. cyclopentenytmethyl, 
cydohexenylmethyl, cydohexenylethyl, cycloheptenylmethyl. cycloheptenylethyl, cyclooctenylmethyl, cydoocte- 
nylethyl, (1 -methyl- 1 -cyclopentenyl) methyl, (1-methyl-2-cyclopentenyl)methyl, (1-methy1-3-cyclopentenyl)methyl, 
(2-methyt-1-cydopentenyl)methyl, (2-methyl-2-cydopentenyl)methyl, (2-methyl-3-cyclopentenyl)methyl, (2-methyl- 

4- cyclopentenyl)methyJ, (2-methyl -5-cyclopentenyO methyl, (3-methyl-1-cyclcpenteny1)methyl, (3-methy1-2- 
cydopentenyl)methyl. {3-methyl-3-cydopentenyl) methyl, (3-methyl-4-cydopentenyl)methyl. (3-methyt-5-cyclopen- 
tenyljmethyl, (1-methyl-1-cydohexenyl)methyl, (1-methyl-2-cyclohexenyl)methyl, (1-methyl-3-cydohexenyl)methyl, 
(2-methyl-1-cydohexenyl)methyl > (2- methyl- 2-cydoh exenyl) methyl, (2- methyl -3 -cyd oh exenyl) methyl, (2-methyl-4- 
cydohexenyl)methyl, (2-methyt-5-cydohexenyl)methyl, (2-methyl-6-cydohexenyl)methyl, (3- methyl- 1 -cydohexe- 
nyl) methyl. (3-methyl-2-cyclohexenyl)methyl, (3-methyl-3-cyclohexenyl)methyl, (3-methyi-4-cyclohexenyl)methyl, 
(3-methyl-5-cydohexenyl)methyl, (3-methyl-6-cydohexenyf)methyl. (4-methy1-1 -cyd oh exenyl) methyl, (4-methyl-2- 
cydohexenyljmethyl, (4-methyl-3-cydohexenyl)methy1. (1 -methyl- 1-cycloheptenyOm ethyl, (l-methyl-2-cyclohepte- 
nyl)methyl, (1-methyl-3-cycloheptenyt)methyl. (1-methyl-4-cycloheptenyl)methyl. (2-methyl- 1 -cydohepte- 
nyljmethyl. (2-methyl-2-cycloheptenyl)methyt, (2-methyl-3-cycloheptenyl) methyl. (2-methyl-4- 
cydoheptenyi)methy1, (2-methyl -5-cycloheptenyl) methyl, (2-methyl-6-cydoheptenyl)methy1, (2-methyl-7-cyclohep- 
tenyljmethyt. (3-methyt-1-cycloheptenyl)methy1, (3-methyl-2-cydoheptenyl)methyl, (3-methyl-3-cyclohepte- 
nyl) methyl, (3-m ethyl -4-cycloheptenyl)methyl, {3-methyl-5-cycloheptenyl)methyl, (3-methyl-6- 
cydoheptenyl)methyl, (3-methyl-7-cycloheptenyl Jmethyl, (4-methyl-1-cydoheptenyI)methyl, (4-methyl-2-cyclohep- 
tenyl)methyl, (4-methyl-3-cyc1ohepteny1)methyt. (4-methyl-4-cydoheptenyl)methyl, (4-methy1-5-cyclohepte- 
nyl)methyl, (4-methyl-6-cycloheptenyl)methyl. (4 -methyl -7-cycloheptenyl)m ethyl, (1 -methyl- 1-cydooctenyl)methy1, 
(1-methy1-2-cydooctenyl)methyt, (1-methyl-3-cydooctenyl)methy1, (1 -methy1-4-cydooctenyt)methy1. (2-methyl-1- 
cydooctenyl)methyl. (2-methyl-2-cycloocterry1)methyl, (2-methyl-3-cycloocterry1)methyl, (2 -methyl -4-cydoocte - 
nyl) methyl. (2-methyl-5-cydooctenyl)m ethyl. (2-m ethyl -6-cydooctenyl)methyl. (2-metrryl-7-cyclooctenyl)methyl. (2- 
methyl-8-cydooctenyOmethyl, (3-methyl-1 -cycloocteny I) methyl. (3-methyl-2-cyclooctenyl)methyl. (3-methyl-3- 
cydooctenyl)methy1, (3-methy1-4-cycloocteny1)methy1 p (3-methyl-5-cycloocterryl)methyl, (3 -methyl -6-cydooct e- 
nyt) methyl. (3-methyl- 7 -cyd ooctenyl) methyl. (3-methyt-8-cyclooctenyQ methyl, (4-methy1-1 -cycloocteny!) methyl, (4- 
methyl-2-cydooctenyl)methyl. (4-m ethyl -3 -cydooctenyl) methyl. (4-methyl-4-cydoocterryl)methyl. (4-methy1-5- 
cydooctenyl) methyl, (4-methyl-6-cycloocteny1)methy1. (4-methyl-7-cycloocteny1)methyl. (4-methyl-8-cydoocte- 
nyi) methyl. (5-methy1-1 -cydooctenyl) methyl. (5-methyl-2-cyclooctenyl)methyl. (5-methy1-3-cydooctenyl)methyl and 
(5-methyl-4-cydooctenyl )methyl; 

bicycloalkenylalkyl groups in which an optional hydrogen atom(s) on the bicydoalkenyl ring may be replaced by a 
lower alkyl group(s), such as bicyclo[4.1.0]hept-2-en-1-ylmethyt, bicydo[4.1.0]hept-3-en-1-ylmethyl. bicy- 
clo[4.1.0]hept-4-en-l-ytmethy1, bicyclo[4.1.0]hept-3-en-2-y1methyl. bicydo[4.l.O]hept-4-en-2-ylmethyl. bicy- 
do[4.1 .0]hept-2-en-3-ylmethyl. bicydo[4.1 .0]hept-3-en-3-ylmethyl, bicydo[4.1 .0]hept-4-en-3-ytmethyl. 
bicyclo[4.1.0]hept-2-en-7-ylmethyl. bicydo[3.3.0]od-2-er>-2-ylmethyl, bicydo[3.3.0]oct-2-en-3-ylmethyl, bicy- 
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clo[4. 1 .0]hept-2-en-l -ylethyl. bicyclo[4. 1 .0]hept-2-en-2-ytethyl, bicyclo[4. 1 .0]hept-2-en-3-ylethyl, bicy- 
clo[4.1 .0lhept-2-en-4-ylethy!.bicyclo[4.1 .0]hept-2-en-7-yl ethyl, bicyclo(3. 3. 0loct-2-en-1 -ylethyl. bicyclo[3.3.0]oct-2- 
en-2-ylethyl and bicyclop.3.0]oct-2-en-3-yl ethyl; 

bicycloalkenylalkenyl groups in which an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by 
a lower alkyl group(s). such as bicydo[4.1.0]hept-2-en-l-y1ethenyl. bicyclo[4.1.0lhept-3-en-l-ylemeny1, bicy- 
cle^ 1 0]hept-4-en-1-yletheny1. bicyclo[4.1.0]hept-3-en-2-ylethenyl, bicyclo[4.1.0]hept-4-en-2-ylethenyl, bicy- 
clo[4 1 0]hept-2-en-3-y1ethenyl, bicydo[4.1.0Jherjt-3-en-3-ylethenyl, bicyclo[4.1.0]hept-4-en-3-ylethenyl. 
bicyclo[4.1.0]hept-2-en-7-ylethenyl, bicyclo[3.3.0]oct-2-en-2-yletheny1 and bicyclo[3.3.0]oct-2-en-3-ylethenyl; 
cyctoalkenytalkenyl groups such as cyclopropenylpropenyl, cyclopropenylbutenyl, cyclobutenylbutenyl. cyclopente- 
nylpropenyt, cyclopentenylbutenyi. cyclopropenylperrtenyl. cyclopropenylhexenyl, cyclopropenylheptenyl, 
cyclobutenylpropenyl, cyclohexenylpropenyl and cyclohexenylbutenyl; and 

cydoalkenylalkynyl groups such as cyclopropenytpropynyl, cyclopropenylbutynyl, cyclopropenylpentynyl, cyclopro- 
penylhexynyl, cyclopropenylheptynyl, cyclobutenylpropynyl. cydobutenylbutynyl, cyclopentenylpropynyl, cyclopen- 
tenylbutynyl, cydohexenylpropynyl and cydohexenylbutynyl. 

In the above general formula [Q: 

(1) Ar represents a phenyl group or a five-or six-membered heteroaromatic group having one or two hetero atoms 
selected from the group consisting of an oxygen atom, a sulfur atom and a nitrogen atom in which one or two 
optional hydrogen atoms on the ring may be replaced by substituent groups selected from the group consisting of 
a halogen atom and a lower alkyl group. Preferably. Ar is a phenyl group or a heteroaromatic group such as 2-pyr- 
rdyl 3-pyrrolyl. 2-furyl. 3-furyl. 2-thienyl. 3-thienyl. 3-pyrazolyl. 4-pyrazolyl. 3-isoxazolyl. 5-isoxazolyl. 2-imidazolyl, 
4-lmidazolyl 2-oxazolyl, 4-oxazolyl. 5-oxazolyl. 2-thiazolyl, 4-thiazolyl. 5-thiazolyl. 2-pyridyl. 4-pyridyl. 2-pyrim>d>nyl 
or 4-pyrimidinyl. in which one or two optional hydrogen atoms on the ring may be replaced by substituent groups 
selected from the group consisting of a fluorine atom and a methyl group. 

(2) R 1 represents a cycloalkyl group of 3 to 6 carbon atoms or a cydoalkenyl group of 3 to 6 carbon atoms. Prefer- 
ably, R 1 is a cydopropyl. cydobutyl, cydopentyl or cyclopentenyl group. 

(3) X represents O or NH. Preferably. X is NH. 

(4) R 2 represents a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms. Preferably. R 
is a group of the formula [IQ 

R a R c 

-Q-A— i-R* [HI 
R b K* 



in which 

Q represents an alkylene group of 1 to 4 carbon atoms, such as methylene, ethylene, trimethylene or tetrame- 

thylene; . 

R a and R c each represent a hydrogen atom or are combined to form a single bond; and 

R b . R d and R° may be the same or different and each represent a hydrogen atom, a lower alkyl group or a 

cycloalkyl, cydoalkenyl. bicyloalkyi or bicycloalkenyl group of 3 to 8 carbon atoms or R and FP, or R° and R°, 

are combined to form a cycloalkyl. cydoalkenyl. bicyloalkyi or bicycloalkenyl group of 3 to 8 carbon atoms. 

In addition to the compounds described in the examples which will be given later, specific examples of the com- 
pounds of formula [Q in accordance with the present invention include: 

N-[1 -{3-methylhexyl)piperidin-4-yfl-2-^ 
N-[1 -{5-methylhexyf)piperidin^^ 
N-[H3,3Ktimethylheptyl)piper^^ 
N-[1-<2-methy1heptyl)piperidirv4^ 

N-[1 -(3-methylheptyl )piperidin^-yn-2-cydcpentyt-2-hydroxy-2-phenytacetamide f 

N-[1-<3-etnylhexyl)piperidin-4-yr]-2-c^^ 

N-[1-(3-ethylheptyf)piperidin-4-yq^^ 
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N-[i^E)-(3-methyt-2-heKertyOpiperid^ 

N-[1-(Z)-(3-metriyl-2-hexenyl)piperffi^ 

N-[HE)-(4-methyl-3<KaenyOpiperidin^-^ 

N-[HZ)-(4-metriv1-3^enyl)piper^ 

N-[1-(EM3-methy1-3-hexer^piperidin^yn^ 

N-[1-(ZH3-methyW-hexeny1)piperidin^ 

N-[H3-hexynyl)piperklin-4-yn-2H^dopentyl-2-hydraxy-2-pheny1aM^ 

N-[1-(3-metrtyl^entynyQpiperkjin^-y^ 

N-{1-[2-(2-mettryicyclopentyl)etrty^ 

N-[1-(3KVdoheiy1propyOpiperidin^-^ 

N-(1^ycioheptytmethylpiperidin^^ 

N-(1<ycloheptylmethylpiperidin^-ylV2-(^ 

N-(1^ydohepty1methylpiperidin^-yO-2-cyc!openty1-2^ydroxy-2-(4-pyrazoly^ 

N-(1^doheptylmethyipiperidin^-yl)-2-^ 

N-(1^doheptylmethyJpiperidin^-yl)-2-cy^^ 

N-(1^cloheptylmethylpiperidin^-yl)-2-^ 

N-(1^ycloheptylmethylpiperidin^-yl)-2-cyclop^ 

N-0HVCloheptylmethylpiperidin^-yl)-2-c^ 

N-(1^cloheptytmethytpiperio1n^yl)-2-cycloper^ 

N-(1^cloheptylmethylpiperidin^-yO-2-c^ 

N-(1 nydoheptylmethylpiperidin^ 

N-(1<ycloheptytmethy1piperidin^-yl^ 

N-(1<ycloheptylmethylpiperidin^-yl)-2-cyclopentyl-2^ydroxy-2-(4-oxazolyl)aceta 
N-(1^cloheptylmethylpiperidin^-y0-2-cy^^ 

N-(1^doheptylmethylpiperidin^-yl)-2-cyclopentyl-2-hydroxy-2-(5-^ 

N-(lK*cloheptylmethylpiperidin^-yl^ 

N-(1^doheptylmethyipiperidin^-y0-2-^ 

N<1^cloheptylmethylpiperio1n^-yl)-2-cyclopen^ 

N-(lK*cloheptylmethylpiperidin^-yl)-2-^ 

N-(1^doheptytmethylpiperidin^-y1)-2-cyclopentyl-2-hydroxy-2-(2-pyri 
N-(1 K^doheptylmethytpiperidin^^ 

N-(lHjydoheptylmethylpiperi<an^-yl)-2-cyclopernyl-2-hydroxy-2-(2-pyrazi 
N-(lKydoheptylmethylpiperidin^-yl)-2-cyclobutyl-2-hydroxy-2iih 
N-(1 <ydoheptylrriethylpiperidin^-yl)-2-cyclohexyl-2-hydroxy-2i3heny^ 
N-[H3^dohexeny0methytpiperidin^ 

N-b-(2^doheptenyl)merthyWend'n^-W 

N^H3^ydoheptenyl)metriylpiperidin^-y^ 

N-[H4^dohepteny0methylpiperidin^-yn-2K;ydopen^^ 

N-[H3^dobuty1idenepropyl)piperidin^-^ 

N-[l-(3K;ydoperttylideneethygpip^ 

N-[1-(EM4^doperrtyl-3i>erteny1)piperidin^-^^ 

N-[1-(ZM4-cydoperityl-3-pemeriyl)piperi^ 

N-[1-(E)-(3-<*clopentyl-2i3ropenyt)piper^^^ 

N-[1 ^ZH3-cyclopentyl-2-propeny1)p 

N-[1-(E)-(4-cydopentyl-24artenyl)piperid^^ 

N-[1-(Z)-(4-cydoperityl-2-butenyQpi^ 

N-lH3^dopertyl-2-propenyl)piperidin^-^ 

N-[1-(4^dopemyl-2^xjtyiiy0piperidin^^ 

N-{1 -[2-(1 svdoperrteny1)etMpiperidin^-yl}-2^doper^^ 

N-{1 -[2-<5-methy1-1 ^dopemeny1)etMP«perkJin-4-^^ 
N-{1-I(Z)^-(1^clohexenyl)-2-propeny1]piperidin^-y1}-2-cydopentyl-2-hydroxy-2 

N^1-[(E)-3-(lH*dohexeriy1)-2i>roperi^ 

N-{1-[(E)^-(3-cydohexenyl)^^enynpiperidin-4-yl}-2^ydoperrtyi-2-^ 
N-{i-[(ZM-(3Kvdohexenyfl-3-butenynp^ 

N-{1 -[3-(1 ^dohexefTyf)-2^ropynyt]piperklin^-yl}-^^ and 
N-{1-[4^3^dohexenyf)-3^yny!]piperid^ 

According to the manner of substitution, the compounds of the present invention may exist in the form 
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somers such as optical isomers, diastereoisomers and geometrical isomers. It is to be understood that the compounds 
of the present invention also include all such stereoisomers and mixtures thereof. 

Moreover, the compounds of the present invention may exist in the form of pharmaceuticalty acceptable salts. 

Such salts include inorganic acid salts such as hydrochlorides, sulfates, nitrates, phosphates and perchlorates; 
organic carboxylic acid salts such as maleates. fumarates. succinates, tartrates, citrates and ascorbates; organic sul- 
fonic acid salts such as methanesulfonates, isethionates. benzenesulfonates and p-toluenesulfonates; and the like. 

The compounds of the above general formula [I] in accordance with the present invention can be prepared, for 
example, by: 

(a) reacting a carboxylic acid of the general formula [III] 

Ar 

HO — | — COOH [HI] 
R l 

wherein Ar and R 1 are as defined above, or a reactive derivative thereof with a compound of the general formula 
[IV! 




[IV] 



wherein R 20 represents a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms or a sat- 
urated or unsaturated aliphatic hydrocarbon radical of 2 to 14 carbon atoms having a protected or unprotected oxo 
group, and X is as defined above, or a salt thereof; and when R 20 is a saturated or unsaturated aliphatic hydrocar- 
bon radical of 2 to 14 carbon atoms having a protected or unprotected oxo group, deprotecting the resulting product 
where necessary, subjecting it to the W'rttg reaction, and reducing the existing double bond where necessary; 
(b) reacting a carboxylic acid of the above general formula [III] or a reactive derivative thereof with a compound of 
the general formula [V] 

HX-£V- E IV] 



wherein E is a protective group for the irnino group, and X is as defined above, or a salt thereof; deprotecting the 
resulting compound of the general formula [VI] 




[VI] 



wherein Ar, R 1 , X and E are as defined above; reacting the compound of general formula [VI] with a compound of 
the general formula [VII] or [VIII] 

r20_ l [VII] 



or 
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R 21 -CH=CR 22 -COR 23 



[VIII] 



wherein R 21 and R 22 may be the same or different and each represent a hydrogen atom or a lower alkyt group. R 
represents a hydrogen atom or a saturated or unsaturated aliphatic hydrocarbon radical of 1 to 12 carbon atoms, L 
represents a leaving group, and R 20 is as defined above, if necessary, in the presence of a base; and when a com- 
pound of general formula [VII] in which R 20 is a saturated or unsaturated aliphatic hydrocarbon radical of 2 to 14 
carbon atoms having a protected or unprotected oxo group or a compound of the general formula [VIII] is reacted, 
deprotecting the resulting product where necessary, subjecting it to the Wittig reaction, and reducing the existing 
double bond where necessary; or 

(c) deprotecting a compound of the above general formula [VI] and subjecting it to a reductive alkyJation reaction 
with a compound of the general formula [IX] 



wherein R 24 represents a saturated or unsaturated aliphatic hydrocarbon radical of 4 to 14 carbon atoms. 

In the above formulae [IV] and [VII], "saturated or unsaturated aliphatic hydrocarbon radicals of 2 to 14 carbon 
atoms having a protected or unprotected oxo group" represented by R 20 include, for example, groups each comprising 
an alkylene chain having an oxo group therein, such as CH 2 CHO. CH 2 CH 2 CHO and C H 2 C H 2 -CO-C H3 ; and aliphatic 
hydrocarbon radicals each comprising an alkyl chain having therein oxo groups protected in the form of an acetal or 
ketal. such as CH 2 -CH(OR 6 )(OR 7 ). CH 2 CH2-CH(OR 6 )(OR 7 ) and CH^CHa) (OR 6 )(OR 7 ) in which R and R each rep- 
resent a lower alkyl group or are combined to form an ethylene or trimethylene group. 

In the above formula [VII], "leaving groups" represented by L include, for example, halogen atoms such as chlorine, 
bromine and iodine; alkylsulfonyloxy groups such as methanesulfonyloxy; and arylsulfonyloxy groups such as p-tolue- 
nesuffonytoxy. 

In the above formulae [V] and [VI], "protective groups for the imino group" represented by E include, for example, 
aralkyl groups such as benzyl, p-methoxybenzyi. p-nrtrobenzyl. benzhydryl and trityl; lower alkanoyl groups such as 
formyl. acetyl and propionyl; arylalkanoyl groups such as phenylacetyl and phenoxyacetyl; lower alkoxycarbonyt groups 
such as methoxycarbonyl. ethoxycarbonyl and t-butoxycarbonyl; alkenyloxycarbonyt groups such as 2-propenyioxycar- 
bonyl; aralkyloxycarbonyl groups such as benzyloxycarbonyl and p-nitrobenzyloxycarbonyl; and lower alkylsilyl groups 
such as trimethylsilyl and t-butyldimethylsilyl. Among others, t-butoxycarbonyl and benzyloxycarbonyl groups are pre- 
ferred. 

In the above-described process variant (a), a carboxylic acid of formula [III] is reacted with a compound of formula 
[IV] or a salt thereof in the presence of a suitable condensing agent. Thus, there is obtained a coupled compound of the 
general formula [X] 



wherein Ar. R 1 . X and R 20 are as defined above. 

The carboxylic acid of formula [III] used as a starting material in the above condensation reaction can readily be 
prepared, for example, according to the method of S.B. Kadin [J. Org. Chem.. Vol. 27. pp. 240-245 (1962)]. 

The condensing agent used in the above-described reaction may be any of various condensing agents that are 
commonly used in the field of organic synthetic chemistry for the condensation reaction of a carboxyl group with a 
hydroxyl or amino group, and examples thereof include N.N'-dicydohexylcarbodiimWe, 1-ethyl-3-(3-dimethylaminopro- 
pyljcarbodiimide. diphenylphosphoryl azide and dipyridyl disulf idetophenylphosphine. Among others, 1 -ethyl-3-(3- 
dimethytarninopropyljcarbodiimide is preferred. Although the amount of condensing agent used is not critical, it may 
usually be used in an amount of 1 to 5 equivalents, preferably 1 to 2 equivalents, per mole of the compound of formula 

^ If necessary, the above-described condensation reaction may be carried out in the presence of a base. Bases 
which can be used for this purpose include, for example, aromatic amines such as pyridine, 4-dimethylaminopyridine. 
picoline. lutidine. quinoline and isoquinoline. Among others. 4-dimethylaminopyridine is preferred. 

The condensation reaction is preferably carried out in an inert solvent. Suitable inert organic solvents include, for 
example, diethyl ether, tetrahydrofuran. N.N-dimethytformamide. dioxane. benzene, toluene, chlorobenzene, methylene 



R 24 -CHO 



[IX] 




[X] 
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chloride chloroform, carbon tetrachloride, dichloroethane. trichloroethylene and mixtures of the foregoing solvents. 
Among others, diethyl ether, tetrahydrofuran. N.N-dimethylformamide and dioxane are preferred. 

The reaction temperature may usually range from -70*C to the boiling point of the solvent used for the reaction and 
preferably from -20°C to 1 00*C. Under these conditions, the reaction can usually be completed in a period of time rang- 
ing from 5 minutes to 7 days and preferably from 10 minutes to 24 hours. 

The proportion of the compound of formula [IV] or a salt thereof to the compound of formula [III] is not critical and 
may vary according to the types of these compounds, the reaction conditions employed and other factors. However, the 
compound of formula [IV] or a salt thereof may usually be used in an amount of 1 to 5 moles, preferably 1 to 2 moles. 

per mole of the compound of formula [III]. 

The coupled compound of the above formula [X] can also be obtained by converting the carboxyhc acid of formula 
[lin into a reactive derivative thereof and condensing it with the compound of formula [IV] or a salt thereof. 

Suitable reactive derivatives of the carboxylic acid of formula [III] include, for example, compounds which are com- 
monly used in the field of organic synthetic chemistry for the activation of a carboxyl group in an esterificaton or ami- 
dation reaction, such as mixed acid anhydrides, active esters and active amides. 

Mixed acid anhydrides of the carboxylic acid of formula [III] can be obtained by reacting the carboxylic aad of for- 
mula rill] with an alkyl chlorocarbonate (e.g.. ethyl chlorocarbonate). an aliphatic carboxylic acid chloride (e.g.. acetyl 
chloride or pivaloyl chloride) or the like according to a usual method. Active esters thereof can be obtained by reacting 
the carboxylic acid of formula [HQ with an N-hydroxy compound (e.g.. N-hydroxysuccinimide. N-hydroxyprrtrial.m.de or 
1 -hydroxybenzotriazole). a phenol compound (e.g.. 4-nitrophenol. 2,4-dinitrophenol. 2.4.5-trichlorophenol or pentacWo- 
rophenol) or the like in the presence of a condensing agent [e.g.. N.N'-dicyclohexylcarbodiimide. 1 -ethyl-3-(3-d.methy1- 
an^nopropyOcarbodiimide. diphenylphosphoryl azide or dipyridyl disuHkJe-triphenylphosphine) according to a usual 
method. Active amides thereof can be obtained by reacting the carboxylic acid of formula [III] with 1.1 ■-carbonyld.im.da- 
zole.1.1'-carbonylbis(2-methylimidazole) or the like according to a usual method 

The condensation reaction of a reactive derivative of the compound of the carboxylic acid of formula [III] wrth tbe 
compound of formula [IV] or a salt thereof is preferably carried out in an inert solvent. Suitable inert organic solvents 
include for example, diethyl ether, tetrahydrofuran. N.N-dimethylformamide. dioxane. benzene, toluene, chloroben- 
zene methylene chloride, chloroform, carbon tetrachloride, dichloroethane. trichloroethylene and mixtures of the fore- 
going solvents. Among others, diethyl ether, tetrahydrofuran. N.N-dimethytformamide and dioxane are preferred. 

The reaction temperature may usually range from -70°C to the boiling point of the solvent used for the reaction and 
preferably from -20°C to 1 00°C. mm1 _ . . . 

The proportion of the compound of formula [IV] or a salt thereof to the reactive derivative of the compound of for- 
mula [III] is not critical and may vary according to the type of the reactive derivative and other factors However, the com- 
pound of formula [IV] or a salt thereof may usually be used in an amount of 1 to 5 moles, preferably 1 to 2 moles, per 
mole of the reactive derivative of the compound of formula [III]. 

When a compound of formula [IV] in which R 20 is a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 
1 5 carbon atoms is used in the above-described condensation reaction, a compound of formula [X] in which R is as 
defined above, namely a compound of formula [Q in accordance with the present invention, is directly obtained. 

On the other hand, when a compound of formula [IV] in which R 20 is a saturated or unsaturated aliphatic hydrocar- 
bon radical of 2 to 14 carbon atoms having a protected or unprotected oxo group is used, the resulting compound of 
formula [X] in which R 20 is as defined above can be converted into a compound of formula [I] in accordance with the 
present invention, by subjecting it to the Wrttig reaction, either directly or after removal of the protective group, and then 
reducing the existing double bond where necessary. 

Removal of the protective group from the protected oxo group in the compound of formula [X] may generally -be .car- 
ried out In an aqueous solvent with the aid of an inorganic acid, an organic acid, a weakly acidic salt or the like. Suitable 
inorganic acids include, for example, hydrochloric acid and sulfuric acid; suitable organic acids include, for example, p- 
toluenesulfonic acid, benzenesultonic acid, camphorsulfonic acid and acetic acid; and suitable weakly acidic salts 
include for example, ammonium chloride and pyridinium p-toluenesuHbnate. Preferred aqueous solvents include aque- 
ous methanol, aqueous ethanol. aqueous tetrahydrofuran. aqueous dioxane and the like. The reaction may usuaHy be 
earned out in the presence of a catalytic amount to 5 equivalents, preferably a catalytic amount to 1 equivalent, of an 
acid or salt as described above, at a temperature ranging from 0°C to 100°C and preferably from room temperature to 
50°C 

The Wrttig reaction is carried out. for example, by reacting the compound of formula [X]. from which the protective 
group has been removed where necessary, with an yiide compound prepared by treating a phosphon.um salt (formed 
from a saturated or unsaturated aliphatic hydrocarbon of 1 to 12 carbon atoms having a chlorine, bromine or iodine 
atom as a substituent, and triphenylphosphine) with a suitable base in an inert solvent. Suitable inert solvents include, 
for example tetrahydrofuran. dioxane. diethyl ether, hexane. toluene, benzene and N.N-dimethylformamide. Suitable 
bases include for example, sodium hydride, potassium hydride, sodium amide, sodium methoxkJe. sodium ethoxide. 
potassium tert-butoxide. n-butyllithium. sec-butyllithium and tert-butyllithium. Among others, sodium hydride, potassium 
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tert-butoxide and n-butyllithium are preferably used. In both the reaction for producing the above-described ylde com- 
pound and the Wrttig reaction, the reaction temperature may usually range from -25°C to 100°C and preferably from 0*C 
to 50°C. The yfide compound may usually be used in an amount of 1 to 5 equivalents, preferably 1 to 2 equivalents, 
based on the oxo compound. 

Furthermore, if necessary, the double bond existing in the N-substrtuent on the piperidine ring of the compound 
thus obtained may be reduced to form a saturated bond. Reduction of the double bond may generally be carried out by 
effecting catalytic reduction in the present of a catalyst such as a palladium-carbon catalyst, palladium hydroxide, a 
Raney nickel catalyst or a platinum oxide catalyst, in an inert solvent (e g., methanol, ethanol, wat er or acetic acid) or a 
mixture of such solvents, preferably under a pressure of hydrogen of about 1 to about 20 kg/crn^, preferably at a tem- 
perature in the range of about 0 to about 40°C, for a period of time ranging from 1 0 minutes to 24 hours. 

In the process variant (b), the condensation reaction of a carboxylic acid of formula [III] or a reactive derivative 
thereof with a piperidine derivative of formula [V] in its first step may be carried out in the same manner as descnbed 
for the condensation reaction of a carboxylic acid of formula [HQ or a reactive derivative thereof with a compound of for- 
mula [IV] in the process variant (b). 

Subsequently, the protective group for the imino group is removed from the compound of the above formula [VI] 
obtained as result of this condensation reaction. 

Removal of the protective group for the imino group from the compound of formula [VI] can be carried out according 
to any of various conventionally known methods including, for example, the method of T.W. Greene (which is described 
in "Protective Groups in Organic Synthesis". John Wiley & Sons. 1981) and its equivalents. More specifically, this can 
be accomplished for example, by solvolysis using an acid or base, by chemical reduction using a metal hydride com- 
plex or the like or by catalytic reduction using a palladium-carbon catalyst, a Raney nickel catalyst or the like. 

Solvolysis with an acid may generally be carried out by treating the compound of formula [VI] with an acid such as 
formic acid, trifluoroacetic acid, hydrochloric acid or sulfuric acid, in an inert solvent (such as methylene chloride, ani- 
sole tetrahydrofuran. dioxane. methanol or ethanol) or a mixture of such a solvent and water, or in the absence of sol- 
vent, preferably at a temperature in the range of about 0 to about 100-C. for a period of time ranging from 10 minutes 

t0 * Solvdysis with a base may generally be carried out by treating the compound of formula [VI] with an alkali metal 
hydroxide (e g.. lithium hydroxide, sodium hydroxide or potassium hydroxide), an alkali metal carbonate (e.g.. sodium 
carbonate or potassium carbonate) or the like, in an inert solvent which exerts no adverse effect on the reaction (e g.. 
methanol, ethanol. isopropanol. tetrahydrofuran or dioxane) or a mixture of such a solvent and water, preferably at a 
temperature in the range of about -20 to about 80°C. for a period of time ranging from 10 minutes to 24 hours 

Catalytic reduction may generally be carried out by catalytically reducing the compound of formula [VI] in the 
present of a catalyst such as a palladiumcarbon catalyst, palladium hydroxide, a Raney nickel catalyst or a platinum 
oxide catalyst in an inert solvent (e.g.. methanol, ethanol, water or acetic acid) or a mixture of such solvents, preferably 
under a pressure of hydrogen of about 1 to about 20 kg/cm 2 , preferably at a temperature in the range of about 0 to about 
40°C. for a period of time ranging from 10 minutes to 24 hours. 

In a second step, the resulting compound of the general formula [XI] 

Ax o 



HO— | d-X— <^NH [XI] 



wherein Ar, R 1 and X are as defined above, is reacted with a compound of formula [VII] or [VIII], H necessary, in the 

The reaction of the compound of formula [XI] with the compound of formula [VII] or [VIII] is usually carried out in a 
suitable solvent by using the compounds in substantially equimolar amounts or using either of the compounds in slight 
excess (e g., using the compound of formula [VII] or [VIII] in an amount of 1 to 1 .3 moles per mole of the compound of 
formula [XI]). If desired, however, either of the compounds may be used in large excess. Moreover, a suitable base 
and/or reaction additive may be used. 

Suitable solvents include, for example, ethers such as diethyl ether, tetrahydrofuran and dioxane; aromatic hydro- 
carbons such as benzene, toluene, chlorobenzene and xylene; aprotic polar solvents such as dimethyl sulfoxide. N.N- 
dimethylformamide, acetonitrile and hexamethylphosphorictriamide; and mixtures thereof. 

Bases which can be used for above-described reaction include, for example, alkali metal bt carbonates such as 
sodium hydrogen carbonate and potassium hydrogen carbonate; alkali metal carbonates such as sodium carbonate 
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and potassium carbonate; tertiary aliphatic amines such as trimethylamine. triethylamine. N,N-diisopropylethylamine. 
N-methylmorpholine, N-methyipyrrolidine. N-methytoiperidine. N.N-dimethylaniline. 1 ,8^iazabicyclo[5 .4 OJundec-T-ene 
(DBU) and 1 5-diazabicyclo[4.3.0]non-5-ene (DBN); and aromatic amines such as pyridine. 4-dimethylaminopyndine, 
picoline. lutidine. quinoline and isoquinoline. Among others, N,N-diisopropylethylamine and triethylamine are preferred. 

Reaction additives which can be used for above-described reaction include, for example, alkali metal iodides such 
as lithium iodide, sodium iodide and potassium iodide. Among others, potassium iodide is preferred. 

The reaction temperature may usually range from about 0°C to the boiling point of the solvent, and the reaction time 
may usually range from 10 minutes to 48 hours, rf desired, however, reaction conditions beyond these limits may be 

^Thus when a compound of formula [VII] in which R 20 is a saturated or unsaturated aliphatic hydrocarbon radical of 
5 to 15 carbon atoms is used as a starting material in the reaction of the above-described second step, a compound of 
formula [I] in accordance with the present invention is directly obtained 

On the other hand, when a compound of formula [V1IJ in which R 20 is an aliphatic hydrocarbon radical of 2 to 14 
carbon atoms having a protected or unprotected oxo group, or a compound of formula [Vlll] is used, the resulting prod- 
uct can be converted into a compound of formula [I] in accordance with the present invention, by subjecting it to the Wrt- 
tig reaction either directly or after removal of the protective group which may exist, and then reducing the double bond 
which may be present in the aliphatic hydrocarbon chain, where necessary. The above-described removal of the pro- 
tective group for the oxo group, the Wittig reaction and the reduction of the double bond may be carried out in the same 
manner as described above in connection with the process variant (a). 

The reductive alkylation reaction of a compound of the above formula [XI] with an aldehyde of formula [IX] accord- 
ing to the process variant (c) is generally carried out in an inert solvent which exerts no adverse effect on the reaction. 
Suitable solvents include, for example, alcohols such as methanol and ethanol; ethers such as diethyl ether tetrahydro- 
furan and dioxane; aromatic hydrocarbons such as benzene and toluene; and mixtures thereof. Among others, metha- 
nol, ethanol. tetrahydrofuran and toluene are preferred. 4rto o^ 

The reaction temperature may usually range from about -30»C to about 200'C and preferably from about 0 C to 
about 100-C. The reaction time may usually range from 10 minutes to 7 days and preferably from 10 minutes to 24 

° U The above-described reductive alkylation reaction is preferably carried out under weakly acidic conditions which 
facilitate the formation of Schrff bases. Acids which can be used to perform the pH control therefor include, for example, 
p-toluenesulfonic acid, hydrochloric acid, acetic acid and trHluoroacetic acid. 

The reductive alkylation can be effected, for example, by means of a metal hydride complex such as sodium boro- 
hydride sodium cyanoborohydride or lithium aluminum hydride, or by catalytic reduction using a palladium-carborr cat- 
alyst aRaney nickel catalyst or the like. Preferably, it is effected by means of a metal hydride complex such as sodium 
borohydride or sodium cyanoborohydride. Especially when the reductive alkylation reaction is carried out under weakly 
acidic conditions which facilitate the formation of Schiff bases, it is preferable to use sodium cyanoborohydr.de or the 
like which is relatively stable in the acid pH range. ,^. iathl 
When a metal hydride complex is used as the reducing agent, the amount of reducing agent used may usually 
range from 1 mole to excessive moles, preferably from 1 to 10 moles, per mole of the compound of formula pCQ. 

The compounds of formula [I] obtained according to the above-described process variants (a), (b) and (c) can be 
isolated and purified by using usual techniques. Suitable techniques include, for example, column chromatography 
using silica gel, adsorbent resin or the like, liquid chromatography, thin-layer chromatography, solvent extraction, recrys- 
tallization and reprectpitation. , . 

The compounds of the present invention and intermediates thereof exist in stereoisomers forms such as optical 
isomers, diastereoisomers and geometrical isomers. It is to be understood that the compounds of the present invention 
also include all such stereo-isomerically pure substances and mixtures thereof. 

When the compounds of the present invention and intermediates thereof are racemates. their optical resolution can 
be achieved by conventional means. For example, this can be accomplished by high-performance liquid chromatogra- 
phy using a chiral carrier or by fractional crystallization of a diastereomeric salt. 

The compounds of formula [0 obtained in the above-described manner may be converted into pharmaceutically 
acceptable salts thereof according to a usual method. Conversely, such salts may also be converted into the corre- 
sponding free amines according to a usual method. -.^^ 

The compounds of formula [I] in accordance with the present invention have a potent and selective inhibitory effect 
on binding to muscarinic receptors, as well as a potent and selective antagonistic effect on muscarinic receptors both 
in yitiQ and in yjyo. These effects possessed by the compounds of the present invention are demonstrated by the fol- 
lowing tests on the inhibition of binding to muscarinic receptors and tests on antagonism against muscann.c receptors. 
In these tests, their inhibitory and antagonistic effects were expressed in terms of the dissociation constant (Kj) of each 
test compound which was calculated from its concentration (ICgo) causing a 50% inhibition of the binding of a labeled 
ligand to muscarinic receptors. As the labeled ligand, [ 3 H]-telenzepine was used for the muscarinic M 1 receptors and 
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[ 3 H]-N-methylscopolamine for the muscarinic M2 and M 3 receptors. 
Tests for the In hibition of Binding to Muscarinic Receptors 

1) Preparation of membrane specimens 

A male SD strain rat (purchased from Nippon Charles River Co., Ltd.). weighing about 250-350 g, was sacrificed, 
and the cerebral cortex, heart and lacrimal glands were excised. Using a Polytron (setting 5), each organ was homog- 
enized in 5 volumes of an ice-cold buffer solution (pH 7.4) containing 50 mM tris-HCI, 5 mM magnesium chloride. 1 mM 
trisodium ethylenediaminetetraacetate and 20% sucrose. The resulting homogenate was centrifuged at 3.000xg at 4°C 
for 15 minutes, and the supernatant was filtered through gauze and ultracentrifuged at 100.000xg at 4°C for 45 minutes. 
The resulting precipitate was suspended in an ice-cold buffer solution (pH 7.4) containing 50 mM tris-HCI and 5 mM 
magnesium chloride (hereinafter refened briefly to as "tris buffer") and ultracentrifuged at 100.000xg at 4°C for 45 min- 
utes. The resulting precipitate was suspended in tris buffer so as to give a concentration of 50 mg/mi and stored at - 
80°C till use. The membrane specimens so prepared were thawed prior to use and submitted to tests for the inhibition 
of binding to muscarinic receptors. 

2) Tests for the inhibition of binding to the muscarinic Mj receptors 

These tests were performed according to a modification of the method of Hargreaves et al. [Br. J. Pharmacol.. Vol. 
107. pp. 494-501 (1992)]. Specifically, a mixture of a membrane specimen from the cerebral cortex. 1 nM [ 3 H]-telen- 
zepine (85 Ci/mmol; manufactured by New England Nuclear) and a test compound in 0.5 ml of tris buffer was incubated 
at room temperature (about 20-25°C) for 1 20 minutes. After the addition of 0.5 ml of ice-cold tris buffer, the mixture was 
filtered by suction through a glass filter (Packard Unif ihter Plate GF/C). Then, the filter was washed four times with 1 ml 
portions of ice-cold tris buffer and dried at 50°C for an hour. After the addition of a scintillator (Packard Microscintj 0). 
the radioactivity of [ 3 H]-telenzepine adsorbed to the filter was measured with a microplate scintillation counter (Packard 
Topcount). The nonspecific binding of [ 3 H]-telenzepine to receptors was determined by the addition of 10 mM piren- 
zepine. According to the method of Cheng and Prusoff [Biochem. Pharmacol., Vol. 22, pp. 3099-3108 (1973)], the affin- 
ity of the test compound (i.e.. a compound in accordance with the present invention) for the muscarinic Mi receptors 
was determined in terms of its dissociation constant (Kfl calculated from the concentration (IC50) of the test compound 
which was required to cause a 50% inhibition of the binding of [ 3 H]-telenzepine used as the labeled ligand. 

3) Tests for the inhibition of binding to the muscarinic M 2 receptors 

These tests were performed in the same manner as described above in "2) Tests for the inhibition of binding to the 
muscarinic M t receptors", except that a membrane specimen from the heart was used as the membrane specimen and 
0.2 nM [ 3 H]-N-methylscopolamine (84 Ci/mmol; manufactured by New England Nuclear) as the labeled ligand. The 
nonspecific binding of [ 3 H]-N-methylscopolamine to receptors was determined by the addition of 1 mM N-methylsco- 
polamine. 

4) Tests for the inhibition of binding to the muscarinic M 2 receptors 

These tests were performed in the same manner as described above in "2) Tests for the inhibition of binding to the 
muscarinic M 1 receptors", except that a membrane specimen from the lacrimal glands was used as the membrane 
specimen and 0.2 nM [ 3 H]-N-methylscopolamine as the labeled ligand. The nonspecific binding of [ 3 H]-N-methy1scopo- 
lamine to receptors was determined by the addition of 1 mM N-methylscopol amine. 
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Table 1 



Inhibitory Effects on Binding to the Muscarinic M^ Ma and M 3 Receptors 





Ki(nM) 


M,/M 3 


M2/M3 




M, 


M 2 


M 3 






Compound of Example 1 


45 


860 


8.9 


5.0 


96 


Compound of Example 16 


13 


302 


3.1 


4.2 


97 


Compound of Example 22 


120 


1400 


9.2 


13.0 


152 


Compound of Example 28 


6.0 


190 


2.0 


3.0 


96 


Compound of Example 29 


40 


1100 


4.1 


10 


270 


Compound of Example 32 


84 


2300 


11 


7.9 


220 



As is evident from the results shown in Table 1 above, the compounds of the present invention antagonized the 
muscarinic M 3 receptors more strongly than the muscarinic M-, and M 2 receptors. 

Tests for/ 

1) Tests for antagonism against the M, receptors in an isolated rabbit vas deferens 

These tests were performed according to an ordinary method. A male Japanese albino rabbit (weighing about 3 kg) 
was Wiled by exsanguination from a femoral artery under anesthesia with pentobarbital, and the vasa deferent.a were 
excised. Portions (1 cm long) thereof adjacent to the prostate were used as vas deferens preparations. A preparation 
was longitudinally suspended in a Magnus tube filled with 20 ml of Krebs-Henseleit nutrient solution [gassed wrth 95% 
Oo - 5% C0 2 and kept at 32*C ; containing 1 mM yohimbine (02 antagonist)] with an initial tension of 1 .0 g. The tension 
of the preparation was recorded isometrically. After the preparation was equilibrated for 30 minutes elecfrical strnull 
(0 5 ms 30 V) were applied thereto by means of a bipolar electrode to induce contractions at intervals of 20 seconds. 
After contractions induced by the electrical stimulation were stabilized, an inhibition of contractions in response to McN 
A-343 (2 5 x 10" 6 M selective M, agonist) was observed three times (adaptive response). After the preparation was 
washed with fresh solution to resume contractions, McN A-343 (10 7 to 1 0" 5 M) was cumulatively administered from the 
lowermost concentration in three-fold increasing doses until a maximum response was achieved. Thus, there was 
obtained a dose-response curve for the control experiment. After the preparation was washed with fresh solution to 
resume contractions, it was treated with a test compound. Ten minutes later. McN A-343 was cumulatively administered 
again Responses to McN A-343 were expressed as percentages based on the amount of contraction before adminis- 
tration of McN A-343. The antagonistic potency (Kb value) of the test compound was determined from the degree of 
shift of the dose-response curve obtained by treatment with the test compound. 

2) Tests for antagonism against the Ma receptors in an isolated rat right atrium 

These tests were performed according to an ordinary method. A male SD strain rat (weighing 300-500 g) was killed 
by exsanguination. and the right atrium was excised. This preparation was isometrically suspended in a Magnus tube 
filled with 20 ml of Krebs-Henseleit nutrient solution (gassed with 95% O z - 5% COa and kept at 32'C) wrth an imtia 
tension of 0.5 g. The heart rate was recorded with a heart rate counter. After the preparation was equilibrated for 30 
minutes carbachol (10 9 to 10* M) was cumulatively administered from the lowermost concentration in three-fold 
increasing doses. Thus, a decrease in heart rate was measured to obtain a dose-response curve for the control exper- 
iment After the preparation was washed with fresh solution to restore the heart rate, a test compound was adm.nistered 
thereto. Ten minutes later, carbachol was cumulatively administered again. Responses to carbachol were expressed as 
percentages based on the heart rate before administration of carbachol. The antagonistic potency (Kb value) oltnetest 
compound (i.e.. a compound in accordance wrth the present invention) was determined from the degree of shift of the 
dose-response curve obtained by treatment with the test compound. 

3) Tests for antagonism against the airway M 3 receptors in an isolated rat trachea 

These tests were performed according to an ordinary method. A male SD strain rat (weighing 300-500 g) was killed 
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by exsanguination, and the trachea was excised. Annular segments (2 mm wide) were cut out from the trachea and cut 
ZTu at L anterior cartilage part to make transversely sectioned trachea pre^tons^A P*^££*^ 
rtT a Magnus tube tilled with 5 ml of Krebs-Henseleit nutrient solut.on (gassed wrth 95% Oz - 5% C0 2 ar* kept * 1 32JC) 
21 Uiai tension of 1 0 a and a resting tension of 0.6 g. The tension of the preparation was recorded .sometrically. 

JTsSS 5*wS» induced by carbachol was used as the reference contraction. After the preparat.on was washed 
«sh soT™ a return to the base Hoe. a test compound was 

made). Ten minutes later, carbachol (10 s to 10* M) was cumulatively administered « three-fdc H»«gctoMito 
obtain a dose-response curve. The dose-response curve was constructed by express^ respc<^ "*P*"27T 
based on the reference contraction of the preparation. The antagonistic potency (Kb value) of ft > « £*"£<^ 
a compound in accordance with the present invention) was determined from the degree of shift of the dose-response 
curve obtained by treatment wrth the test compound. 

4) Tests for antagonism against the intestinal M 3 receptors in an isolated rat ileum 

A male SD strain rat (weighing 300-500 g) was killed by exsanguination, and the ileum 
cut to make ileum preparations having a length of 2 cm. A preparation was suspended .n a Magnus tube Mled I wrtr £0 
mVo^Krebs-HenseTeit^urtrierrt solution (gassed with 95% O z - 5% CO z and kept at 32»C) under a load of 0.5 g. The 
tUn oTthe preparation was recorded isotonically. After being equilibrated for an hour the preparation wasmade to 
SSl Jto by freatment with 10" 4 M carbachol. and the second contraction induced by carbachol was used as the 
r^ cTnti^ After the preparation was washed wrth fresh solution to n«ke a return to the has e hne a « 
compound was administered thereto (or no treatment was made). Tenm-nutes ^er^bachor (10 to 10 M) was 
cumuTatively administered from the lowermost concentration in three-fold increasing doses to obtain « dose-respo^e 
curve. The dose-response curve was constructed by expressing responses as percentages based ^^eferer«e 
Action of the Deration. The antagonistic potency (Kb value) of the test compound was determined from the 
degree of shift of the dose-response curve obtained by treatment with the test compound. 

5) Tests for antagonism against the bladder M 3 receptors in an isolated rat bladder 

These tests were performed according to an ordinary method. A male SD strain rat(weighing 20*400 > g) washed 
by exsanguination, and the bladder was excised. This bladder axially cut into e.ght parts to, m ^ a ^X^si 
A potion was suspended in a Magnus tube filled with 5 ml of Krebs-Henselert nutrient ^^(^sedw^.^% 
0 2 5%CO z and keptat32-C) with an initial tension of 05 g.The tension of me preparation was ^ 
aL being LuilibSed for an hour, the preparation was made to contract twice by treatment with 10 M carbachol. and 
toseSS SntaSon induced by carbachol was used as the reference contraction. After the preparation was washed 
H ^uToTto make a return to the base line, a test compound was administered thereto (or™ tieatment was 
nTde) Ten mtnuTes later, carbachol (1 0« to 10" 3 M) was cumulatively administered from the lowermost concentration 
^rlfoW ~ng doses to obtain a dose-response curve. The dose-response curve was constiu^^ress- 
ng rSonses as percentages based on the reference contraction of the preparation. The «>W^P*"^ 
valueTofthe test compound was determined from the degree of shift of the dose-response curve obtained by treatment 
with the test compound. 



Table 2 



45 


Antagonistic Effects on Muscarinic Receptors (in vitro) 










Ke(nM) 










Vas deferens 
M 1 


Right atrium 
M 2 


Trachea M 3 


Ileum M 3 


Bladder M 3 


M^a* 


Ma/Ma* 


50 


Compound of 
Example 1 


120 


1500 


19 


24 


31 


6.3 


79 



* Trachea M3 



55 



As is evident from the result shown in Table 2 above, the compound of the present ™ e ^^^™ z ^™°"f 
muscarinic receptors including the vas deferens M, . right atrium Mj. trachea M 3 . ileum * of""*"' 
Its action wasmcL selective to the trachea, ileum and bladder M 3 receptors, and partcularly strong antagomsm 
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against the trachea M 3 receptors was observed. That is. the compound of the present invention is a compound which 
is more selective to the trachea M 3 receptors. 

TPfite for antagonism ag a inst muscarinic M a receptor fin YiVQ) 

1) Tests for bronchodilation in rats 

Eight- to eleven-weeks^old male rats of the Sprague-Dawley strain, weighing 300^00 g, were anesthetized with 
urethane (750 mg/kg, i.p.) and a-chloralose (37.5 mg/kg. i.p.). A bronchus was intubated, and the nghtjugular ve.n was 
cannulated for drug administration. After spontaneous respiration was fully supressed by succinylcholine (5 mg/kg 
s c ) the airway resistance was measured under artificial ventilation by means of a Pulmonary Mechanics Model 6 
(Buxco) To evoke an increase in airway resistance, acetylcholine (50 ug/kg, i.v.) was administered to the an.mals. Mean 
values for the acetylcholine-induced increase in airway resistance as measured five minutes before (control) and five 
minutes after test compound administration were calculated and the results were expressed as percentages of the con- 
trol response The ID^ value was calculated from the dose-response curve of the test compound using probrt analysis 
and defined as the drug dose that inhibited the acetylcholine-induced increase in airway resistance in the control group 
by 50%. 

2) Tests for salivary secretion in rats 

Five- to seven-weeks-old male rats of the Sprague-Dawley strain were anesthetized with sodium pentobarbital (65 
mo/kg i p ) and a cannula was inserted into the right jugular vein for purposes of drug administration. A test compound 
was administered intravenously. Five minutes later, carbachol (10 ug/kg. i.v.) was administered to evoke salivary secre- 
tion For each rat. saliva collection was started immediately after carbachol administration and continued for ten min- 
utes This was carried out by inserting glass capillaries (Drummond. 1 00 ul) into the oral cavity of the rat at intervals of 
one minute. The amount of collected saliva was determined on the assumption that a length of 75 mm of the glass cap- 
illary corresponded to 100 ul. Physiological saline was used in the control group. The ID^ value was calculated from 
the dose-response curve of the test compound using probit analysis and defined as the drug dose that inhibited the car- 
bachoHnduced salivation in the control group by 50%. 

3) Tests for mydriasis in rats 

Frve- to seven-weeks-old male rats of the Sprague-Dawley strain were anesthetized with pentobarbital (65 mg/kg. 
i p ) and a cannula was inserted into the right jugular vein for purposes of drug administration. By using a graduated 
scale (pulilometer). pupillary responses to drugs were measured to the nearest 0.1 mm at the point of the greatest 
diameter After a test compound was administered intravenously, the change in pupil diameter relative to the value 
observed before administration of the test compound was measured. Responses were expressed as percentages of 
the maximal increase in pupil diameter induced by administration of atropine (30 ug/kg. i.v.). The EDgo value was cal- 
culated from the dose-response curve of the test compound using probit analysis and defined as the drug dose that 
induced 50 % of the maximal response. 

4) Tests for intravesical bladder pressure in rats 

These tests were performed according to the method of Maggi et al. (Drug Dev. Res. 10_: 157-170. 1987). Briefly, 
eight- to ten-weeks-old male rats of the Sprague-Dawley strain, weighing 330-370 g. were anesthetized by subcutane- 
ous administration of urethane (1 g/kg) and a-chloralose (50 mg/kg). and the right jugular vein was cannulated for drug 
administration. The body temperature was kept constant by means of a heating pad maintained at 37-C. Through a 
midline incision of the abdomen, the urinary bladder was exposed and emptied of urine by the application of a slight 
manual pressure. A 20-gauge needle was inserted through the apex of the bladder dome by 3-4 mm into its lumen. The 
needle had previously been connected to a pressure transducer and an infusion pump by means of polyethylene tubing 
and the whole system filled with saline. After a 30-minutes equilibration period at zero volume, saline was infused (2.8 
ml/hr) until a coordinated sustained contraction, reflecting the peak intravesical bladder pressure, occured. The bladder 
was then emptied manually and allowed to rest for five minutes. PvesP was defined as the difference between the max- 
imum and resting bladder pressures. This procedure was repeated at least five times and the evaluation of a test com- 
pound was carried out in the animals in which a stable peak intravesical bladder pressure was recorded. The drug 
potency (ID 25 ) was determined after intravenous administration of the test compound during the rest period. Five min- 
utes after drug administration, the infusion of saline was started to induce micturition contraction and the peak intravesi- 
cal bladder pressure was recorded. The depression in peak intravesical bladder pressure was expressed as a percent 
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of the control peak intravesical bladder pressure observed before administration of the test compound. The ID 25 value, 
calculated by probit analysis, was defined as the drug dose that inhibited the control peak intravesical bladder pressure 
by 25%. 



5 5) Tests for intestinal propulsion in rats 

Five- to seven-weeks-old male rats of fhe Sprague-Dawley strain were fasted overnight. A test compound was 
administered intravenously to the animals. Five minutes later. 1 ml per animal of a 5 % charcoal suspension was admin- 
istered orally. Thirty minutes after administration of the charcoal meal, the rats were sacrificed by decapitation, and the 
w gastrointestinal tract was removed. The distance from the pylorus to the point of arrival of the charcoal meal was meas- 
ured and the transportation rate was calculated. The ID 15 value was calculated from the dose-response curve using 
probit analysis and defined as the drug dose that inhibited intestinal propulsion in the control group by 15 %. 

6) Tests for bradycardia in rats 

15 

Eight- to eleven-weeks-old male rats of the Sprague-Dawley strain, weighing 300-400 g. were anesthetized with 
urethane (750 mg/kg. i.p.) and a-chloralose (37.5 mg/kg. i.p.). A bronchus was intubated, and the right jugular vein was 
cannulated for drug administration. After spontaneous respilation was fully supressed by succinylcholine (5 mg/kg, 
s.c). the heart rate was measured under artificial ventilation. To evoke bradycardia, acetylcholine (50 ug/kg. iv) was 
20 administered to the animals. Mean values for the acetylcholine-induced decrease in heart rate as measured five min- 
utes before (control) and five minutes after test compound administration were calculated and the results were 
expressed as percentages relative to the control response. The ID^ value was calculated from the dose-response 
curve of the test compound using probit analysis and defined as the drug dose that inhibited the acetylcholine-induced 
bradycardia in the control group by 50 %. 
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0.0043 
0.0015 




Compound of 
Example 1 


Atropi ne 
Ipratropium 



As is evident from the results shown in Table 3 above, the compound of the present invention exhibited a potent 
bronchodilatory action and was bronchoselective over other tissues in which the muscarinic receptors associated with 
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the side effects (e.g., thirst mydriasis, gastrointestinal disorders, urination disorders and bradycardia) possessed by 
conventional anticholinergic agents are present. In particular, the compound of the present invention exhibited less 
activity against bradycardic response in which the muscarinic M 2 receptors are involved. In contrast, the control com- 
pounds (i a . atropine and ipratropium) exhibited potent activities with respect to all of the six types of responses studied 
herein and their action was non-selective. 

As described above, the compounds of formula [I] in accordance with the present invention are very potent and 
highly M 3 selective antagonists and can be used as safe drugs with a minimum of side effects. In particular, they may 
be orally or parertterally administered to patients for the treatment or prophylaxis of diseases of the respiratory system, 
such as asthma, chronic airway obstruction and fibroid lung; diseases of the urinary system accompanied by urination 
disorders such as pdlakiuria. urinary urgency and urinary incontinence; and diseases of the digestive system, such as 
irritable colon and spasm or hyperanakinesis of the digestive tract. 

More specifically, in spite of their powerful bronchodilatory activity, the compounds of the present invention exert no 
influence on other organs such as the brain and the heart. Accordingly, they are useful as therapeutic or prophylactic 
agents (e.g., bronchodilators) for various diseases of the respiratory system. 

In practically using the compounds of the present invention for the treatment or prophylaxis of such diseases, they 
may be combined with pharmaceutically acceptable adjuvants in the usual manner to prepare pharmaceutical compo- 
sitions suitable for administration. For this purpose, there can be used a variety of adjuvants which are commonly used 
in the field of pharmaceutics. Such adjuvants include, for example, gelatin, lactose, sucrose, titanium oxide, starch, 
crystalline cellulose, hydroxypropyimethylcellulose. carboxymethylcellulose, corn starch, microcrystalline wax, white 
soft paraffin, magnesium aluminate metasilicate. anhydrous calcium phosphate, citric acid, trisodium citrate, hydroxy- 
propylcellulose, sorbitol, sorbitan fatty acid ester, polysorbate. sucrose fatty acid ester, polyoxyethylene. hardened cas- 
tor oil. polyvinyl pyrrolidone. magnesium stearate. light anhydrous silicic acid, talc, vegetable oil. benzyl alcohol, acacia, 
propylene glycol, polyalkylene glycols, cyclodextrin and hydroxypropylcyclodextrin. 

The dosage forms of pharmaceutical compositions prepared by using these adjuvants include solid preparations 
such as tablets, capsules, granules, powders and suppositories; liquid preparations such as syrups, elixirs and injec- 
tions; and the like. These preparations may be made according to common techniques well-known in the field of phar- 
maceutics. Liquid preparations may be in a form which is dissolved or suspended in water or other suitable medium 
prior to use. In particular, injections may be in the form of a solution or suspension in physiological saline or a glucose 
solution, or in powder form for reconstitution by dissolution or suspension in physiological saline or a glucose solution 
prior to use. If desired, such injections may contain buffer agents and/or preservatives. 

In these pharmaceutical compositions, a compound in accordance with the present invention may be present in an 
amount of 1 .0 to 1 00% by weight, preferably 1 .0 to 60% by weight, based on the total weight of the composition. These 
pharmaceutical compositions may additionally contain other therapeutically effective compounds. 

When the compounds of the present invention are used as bronchodilators. their dosage level and dosage sched- 
ule may vary according to the sex, age and body weight of the patient, the severity of symptoms, the type and range of 
the desired therapeutic effect, and the like. Generally, for oral administration, they are preferably administered in a daily 
dose of 0. 1 to 1 00 mg/kg for adults and this daily dose may be given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a daily dose of 0.001 to 10 mg/kg for adults and this daily dose may 
be given at a time or in several divided doses. 
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S tructu res of the compounds of Examples 
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EXAMPLE? 

The present invention is more specifically explained with the following examples. However, these examples are not 
to be construed to limit the scope of the present invention. 

Example 1 

Synthesis of N-H -M^etrivl-3H3errtenvO-piperidin^ ^ 

Step 1. Synthesis of ? -CTdobuM-2-hvdroxv-2-ohenvlacetic acid 

This compound was synthesized according to the method of S.B. Kadin et al. [J. Org. Chem., Vol. 27. pp. 240-245 
(1962)] 

A solution of 6 24 g of cyclobutyl phenyt ketone in 1 5 ml of dimethyl sulfoxide was added to a solution of 4.23 g of 
lithium acetylide-ethylene diamine complex in 50 ml of dimethyl sulfoxide at room temperature, and this rr^rewas 
stirred at room temperature for 4 hours. The reaction mixture was poured into ice water and extracted with diethyl ether. 
The organic layer was washed with water and a saturated aqueous solution of sodium chloride and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was puri- 
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tied by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 20/1 to 9/1) to obtain 6.19 g of 

a J^TsT^^rn permanganate in 250 m. of water at a temperature £ ™^^£^™ e 
stirring tor 2 hours The precipitate formed by the addition of an ^^^^^^^^b^J^ 
was removed by filtration through celite. and the resulting filtrate was extracted with diethyl ether. The °'gan.c layer was 
"^ha saturated aqueous solution of sodium chlorWe and then dried over anhydrous ^^a^ / hex 
the solvent was distilled off under reduced pressure, the resulting residue was recrystall.zed (from ethyl acetate / hex- 
ane) to obtain 1 .4 g of the title compound. 

C T P ^y nth^icnf N-fi-t-buto wc^ r tx^ 

2 69 a of 2Hcyclobutyl-2-hydroxy-2-phenylacetic acid, 2.17 g of 4-amino-1-t-butoxycarbonytpiperWine^ 2.09 g of 
oom^eSure. and this solution was stined overnight. Atter the add^ 

wTdiethvl ether The organic layer was washed with a saturated aqueous solution of sodium chlor.de and then dried 
^i^S^^umn chromatography (deve.oping solvent: hexane / ethyl acetate = 10/1 to 4/1) to obtam 2.18 g 
of the title compound. 

otop a R ynthpgis of N-toi p prkiin^-vlV2-CT0lornitvl-2-hvdroxY-2-phenylaC^amidq hydrochloride 

1 0 g of N-(1-t-butoxycarbonyl^ 
mixture was evaporated to dryness under reduced pressure to obtain 0.83 g of the titie compound, 
otop a S ynthesis of N-M -tt-mpthv^-pente P Y l )-^ 

0 83 g of N-(piperidirM-yl)-2-cyd^ hydrochloride. 0.42 g of j*"^-"^ 

2-oertene 42 moot potassium iodide and 1 .42 g of anhydrous potassium carbonate were suspended in 25 nrttfanhy- 

n^m temptratulr^xed with water, and then extracted with diethyl ether. The organic layer 

rated aqueous solution of sodium chloride and then dried over anhydrous magnes.um sulfate. Afte ^^ v ^^' S fl 
tin«?off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developmg 
sorvent: hexane / ethyl acetate = 2/1 to 1/4) to obtain 449 mg of the title compound. 

1H-NMR (CDC.3. 60pm): 1.38-1.56 (2H. m). 1 .62 (3H. s). 1 69 (3H s). 1^22 (12H. m) I. i 2^38 (2H £). 2.78- 
2.88 (2H, m). 3 32-3.42 (1H, m). 3.47 (1H. br s). 3.68-3.81 (1H, m). 5.03-5.12 (1H. m). 6.18 (1H. d. J=7.9Hz). 7.25- 
7.38 (3H, m), 7.48-7.52 (2H. m). 
40 Low Resolution FAB-MS (m/e, as (C23H 2 4N 2 02 + H) + ): 371 

Example 2 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using bromohexane. 
iH-NMR(CDCI 3 .5ppm)^^ 

(2H m). 3.25-3 60(2^). 3.64-3.78 (1H. m). 6.11 (1H. d. J=9.6Hz), 7.23-7.37 (3H, m). 7.45-7.51 (2H. m). 
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Example 3 

H- f 1 . r f 7)^-H^pn yflpiperi H in- < 4.vn-2^vcloh < rM-2-hvdroxv-?-nhepYlacetamide 

55 The title compound was prepared in the same manner as described in Step 4 of Example 1 using (Z)-3-hexenyl 
methanesulfonate. 

1 H-NMR (CDCI3, 6ppm): 0.95 (3H. t J=7.5Hz). 1 .32-1 .51 (2H, m). 1.70-2.16 (12H. m). 2.16-2.27 (2H. m). 2.30-2.39 
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(2H m) 2.72-2.85 (2H, m), 3.30-3.60 (2H, m), 3.65-3.79 <1H. m). 5.28 (1H, dtt, J=10.7, 6.9. 1.3Hz), 5 42 (1H, dtt, 
J=10.7. 7.1i 1.3Hz), 6.14 (1H, d. J=7.8Hz), 7.22-7.38 (3H, m), 7.45-7.51 (2H, m). 

Example 4 

N-fi-rfEV3-Haxerivnpi p ftNdin-4-^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using (E)-3-hexenyl 
methanesutfonate. 

1 H-NMR (CDCI 3 , Sppm): 0.95 (3H. t. J=7.5Hz). 1 .32-1 .50 (2H. m). 1.60-2.21 (14H, m), 2.31-2.39 (2H, m), 2.72-2.85 
(2H m), 3.30-3.49 (2H, m). 3.64-3.79 (1 H, m). 5.34 (1 H, dtt. J=15.3. 7.0. 1 -3Hz), 5.49 (1 H, dtt. J=15.3, 6.2, 1 .3Hz). 
6.12 (1H. d. J=8.6Hz), 7.23-7.38 (3H. m). 7.47-7.51 (2H. m). 

is Example 5 

N- ry{fi^^v1.5-herten yl) pi pfl^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using 6-methyi-5-hep- 
20 tenyi methanesuKonate. 

1 H-NMR (CDCI3, Sppm): 1 .25-1 .37 (2H, m), 1 .42-1 .56 (4H, m). 1 .58 (3H. s). 1 .67 (3H. d. J=1 .2Hz), 1 .72-2. 1 8 (12H. 
m), 2.31-2.46 (2H. m). 2.79-2.91 (2H, m). 3.20-3.60 (2H. m). 3.65-3.80 (1H. m). 5.03-5.11 (1H, m), 6.18-6.28 (1H, 
m), 7.22-7.36 (3H. m). 7.46-7.51 (2H, m). 
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Example 6 

The title compound was prepared in the same manner as described in Example 1 using cyclobutyl 4-fluorophenyl 



ketone. 



1 H-NMR (CDCU. Sppm): 1.37-1.55 (2H. m), 1.61 (3H. s). 1.68 (3H. s). 1.72-1.97 (7H. m). 2.00-2.21 (5H, m). 2.31- 
2.36 (2H, m), 2.78-2.99 (2H, m), 3.20-3.50 (2H, m), 3.63-3.79 (1H. m). 5.01-5.09 (1H, m). 6.22 (1H. d, J=8.2Hz), 
35 6.97-7.05 (2H. m), 7.44-7.51 (2H, m). 

Low Resolution FAB-MS (m/e. as (C23H33FN2O2 + H) + ): 389 

Example 7 

40 N-p-^M^ ^ -hPxgrwItoioeri^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using 5-methyf-4-hex- 
enyt methanesulfonate. 
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1 H-NMR (CDCI 3 . Sppm): 1.37-1.56 (4H, m), 1.58 (3H. s). 1.68-2.11 (15H, m). 2.26-2.34 (2H, m), 2.72-2.84 (2H, m), 
3.30-3.55 (2H. m). 3.62-3.80 (1H. m). 5.05-5.12 (1H. m). 6.14 (1H, d, J=7.8Hz), 7.24-7.37 (3H. m), 7.46-7.52 (2H, 
m). 

Example 8 

N.M.f4-Methvlpftntvltotoeri^ ^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using 1-bromo-4-meth- 
ytpentane. 

1 H-NMR (CDCU, Sppm): 0.87 (6H, d. J=6.6Hz), 1.10-1.20 (2H, m). 1.34-1.60 (5H. m). 1.70-2.15 (10H, m), 2.24- 
2.33 (2H ( m). 2.72-2.86 (2H. m), 3.30-3.60 (2H. m). 3.65-3.79 (1H. m), 6.13 (1H. d. J=8.1Hz), 7.22-7.38 (3H. m). 
7.46-7.52 (2H. m). 
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Example 9 

s The this compound was prepared in the same manner as described in Step 4 of Example 1 using 1 -bromo-4- 

methyl-2-pentyne. 

1 H-NMR (CDCI 3 , 6ppm): 1.15 (6H, d. J=6.9Hz), 1 .30-1 .55 (2H. m), 1 .65-2.15 (8H, m), 2.15-2.35 (2H, m), 2.45-2.65 
(1H, m). 2.68-2 85 (2H, m). 3.21 (2H, d. J=3.0Hz), 3.25-3.55 (2H, m), 3.60-3-80 (1H, m). 6.18 (1H, d, J=8.3Hz), 
w 7.20-7.40 (3H, m), 7.45-7.53 (2H. m). 

Example 10 

N-p.{fi.Mirthvt.3-hexvn^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using 1-bromo-5- 
methyl-3-hexyne. 

1 H-NMR (CDCI 3 . 8ppm): 1.12 (6H. d, J=6.9Hz), 1.25-1.50 (2H. m), 1.65-2.05 (8H, m). 2.05-2.23 (2H. m), 2.24-2.35 
20 (2H, m). 2.42-2.60 (3H. m), 2.68-2.85 (2H. m). 3.25-3.55 (2H. m), 3.60-3.80 (1H. m). 6.12 (1H, d. J=7.6Hz), 7.20- 

7.40 (3H, m). 7.44-7.53 (2H. m). 

Example 11 

25 N-rW4-Methvt-3-rantenv1 ^ ^ 

The title compound was prepared in the same manner as described in Steps 2 to 4 of Example 1 using 2- 
cydohexyl-2-hydroxy-2-pheny1acetic acid. 

30 1 H-NMR (CDCI 3l 6ppm): 0.80-0.95 (1H. m), 1.09-1.39 (6H, m). 1.45-1.98 (7H, m), 1.61 (3H, s). 1.68 (3H. s). 2.05- 

2.23 (4H, m), 2.31-2.45 (3H, m), 2.75 (1H, s). 2.80-2.92 (2H, m), 3.65-3.80 (1H, m), 5.01-5.09 (1H, m). 6.55-6.59 
(1H, m), 7.23-7.38 (3H, m), 7.57-7.61 (2H, m). 
Low Resolution FAB-MS (m/e. as (C25H38N2O2 + H) + ): 399 

35 Example 12 

N . W SV4-Mrthvlhexv n r^ 

The title compound was prepared in the same manner as described in Example 1 1 using (4S)-4-methylhexyl meth- 
40 anesulfonate. 

1 H-NMR (CDCI 3 6ppm): 0.84 (3H. t, J=7.2Hz), 0.84 (3H. d. J=6.3Hz), 1.01-1.18 (3H, m). 1.18-1.38 (7H, m). 1.40- 
1 60 (4H m) 1.60-1.74 (4H, m), 1.74-1.84 (2H. m). 1.86-1.96 (1H, m), 2.03-2.37 (2H. m), 2.28-2.45 (3H. m), 2.75 
(1H. s). 2.80-2.92 (2H. m). 3.66-3.79 (1H, m). 6.58 (1H. d. J=8.3Hz), 7.23-7.28 (1H. m), 7.31-7.37 (2H, m). 7.57- 
45 7.61 (2H, m). 

Low Resolution FAB-MS (m/e. as (C^^^C^ + H) + ): 41 5 

Example 13 

so N-f1-f4.5-Dimrtrnri-4-hexenvltoioe^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using 4,5-dimethyl-4- 
hexenyl methanesulfonate. 

55 1 H-NMR (CDCI3. 8ppm): 1.30-1 .45 (2H, m), 1.45-1 .58 (2H, m), 1.62 (9H, s), 1.70-2.15 (12H, m), 2.22-2.30 (2H, m). 

2.70-2.82 (2H. m). 3.30-3.42 (1H, m), 3.49 (1H. s). 3.64-3.79 (1H, m). 6.14 (1H, d. J=8.3Hz), 7.25-7.38 (3H. m). 
7.47-7.53 (2H. m). 
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Example 14 

M.fi.M-M^vl.3-rarrtenvl^^ 

5 TTie title compound was prepared in the same manner as described in Steps 2 to 4 of Example 1 using 2-cyclopro- 
py1-2-hydroxy-2-phenylacetic acid. 

1 H-NMR (CDCI 3 , Sppm): 0.47-0.67 (4H. m), 1.38-1.59 (3H. m), 1.61 (3H, s), 1.69 (3H, s). 1.85-1.97 (2H, m), 2X)6- 
2.21 (4H. m). 2 25-2.36 (2H, m), 2.75-2.88 (2H. m). 3.72-3.86 (1H, m). 5.03-5.08 (1H, m), 6.09 (1H. d. J=8.2Hz), 
10 7.27-7.39 (3H. m). 7.57-7.62 (2H, m). 

Low Resolution FAB-MS (m/e. as (CrcH^NgOa + H) + ): 357 

Example 15 

,5 N./1-ff4Sl-4-MetrwlhExvn^^ 

The title compound was prepared in the same manner as described in Example 1 4 using (4SM-methyl-hexyl meth- 
anesuHbnate. 

1 H-NMR (CDCk. fippm): 0.48-0.68 (4H, m). 0.85 (3H. t, J=7.2Hz), 0.85 (3H. d. J=6.3Hz). 1.01-1.18 (2H, m). 1.21- 

t. J=7.6Hz), 2.77-2.90 (2H. m), 3.28-3.40 (1H, br s). 3.72-3.87 (2H, m). 6.04 (1H, d. J=6.9Hz). 7.26-7.40 (3H, m). 
7.58-7.63 (2H, m). 

Low Resolution FAB-MS (m/e. as (C23H36N2O2 + H) + ): 373 
Example 16 

N.[i-(A-Mftthd-3-pemfl^ 

The title compound was prepared in the same manner as described in Steps 2 to 4 of Example 1 using 2- 
cyclopentyl-2-hydroxy-2-phenylacetic acid. 

1 H-NMR (CDCU Sppm): 1.12-1.28 (1H, m). 1.32-1.90 (11H, m), 1.60 (3H, s). 1.68 (3H, s). 2.03-2.19(4H, m), 2.26- 
2.32 (2H, m). 2.72-2.82 (2H, m), 2.95-3.09 <1H, m), 3.14 (1H, s). 3.62-3.77 (1H, m), 5.04-5.10 (1H, m), 6.31 (1H, 
35 d, J=7.9Hz). 7.23-7.38 (3H. m), 7.57-7.61 (2H. m). 

Low Resolution FAB-MS (m/e, as (C^HseNaOj, + H) + ): 385 

Example 17 

40 N.{1-f(4S^-M^lh^noiPflridin^ 

The title compound was prepared in the same manner as described in Example 1 6 using (4S)-4-methylhexyl meth- 
anesulfonate. 

45 1 H-NMR (CDCI3, Sppm): 0.84 (3H. d. J=6.4Hz), 0.85 (3H, t, J=7.2Hz). 1 .00-1 .74 (17H, m), 1 .78-1 .91 (2H, m), 2.02- 

2.34 (2H, m), 2.30 (2H. t, J=7.6Hz). 2.73-2.87 (2H, m), 2.98-3.10 (1H, m). 3.10 (1H, s). 3.65-3.79 (1H. m). 6.33 (1 H. 
d, J=8.6Hz). 7.23-7.30 (1H, m), 7.31-7.37 (2H, m). 7.57-7.62 (2H, m). 
Low Resolution FAB-MS (m/e, as (C^H^N^ + H) + ): 401 

so Example 18 

Step 1 Synthesis of f2RV2-H-cvcl o penten-1 -v1V2-hvdroxv-2-Ohenv)acetic acid 
55 gtftp 1 -1 Synthesis of f2S.5SV2-ft-butvlV5-f 1 -nvdroxvcvclopentan-l -ylV5-phenvl-1 , 3-diQxolan-4-one 

1 .3 ml of a 1 .5M lithium diisopropylamide solution in hexane was added dropwise at -78*C to a solution of 379 mg 
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of (2S,5S)-2-(t-butyO-5-phenyM ,3-c3oxolan-4-one, which had been synthesized according to the method of D. Seebach 
et at. [Tetrahedron. Vol. 40, pp. 1313-1324 (1984). in 15 ml of tetrahydrofuran, and this mixture was stirred for 45 min- 
utes. After the addition of 0.25 mi of cyclopentanone. the resulting mixture was warmed to room temperature over a 
period of 2 5 hours. The reaction mixture was poured into a saturated aqueous solution of ammonium chloride and 
extracted with diethyl ether. The organic layer was washed with water and a saturated aqueous solution of sodium chlo- 
ride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the 
resulting residue was purified by silica gel column chromatography (developing solvent: hexane / ethyl acetate = 4/1) to 
obtain 126 mg of the title compound. 

Step 1-2. RynthPsiB of (gS.5S1.2-ft-bu tyn-5-f 1 -cvclnppntPn-1 -vn-S-ohenvl-1 .3-diQX0lan-4-Qne 

126 mg of (2S,5S)-2-(t-butyO-5-(1 -hydroxycyclopentan-1 -yf)-5-pherryM ,3-dtoxolan-4one was dissolved in 8 ml of 
pyridine, and 2 ml of thionyl chloride was added dropwise thereto at 0°C. After being stirred at room temperature for 14 
hours, the reaction mixture was poured into ice water and extracted with diethyl ether. The organic layer was washed 
with water and a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. 
After the solvent was distilled off under reduced pressure, the resulting residue was purified by preparative thin-layer 
chromatography [Weselgel™ 60F 254 . Art 5744 (manufactured by E. Merck); developing solvent: hexane / ethyl acetate 
= 19/1] to obtain 99 mg of the title compound. 

Step 1-3. Synthesis of f2RV2^1-cvdooenten-1-v n-2-hvdroxv-2-ohenvlacetic acid 

96 mg of (2S.5S)-2-(t-butyl)-5-(1 -cyclopenten-1 -yl)-5-phenyt-1 ,3-dioxolan-4-one was dissolved in 4 ml of methanol, 
and 2 ml of a 1 N aqueous solution of sodium hydroxide was added thereto. This mixture was stirred at room tempera- 
ture for 4 hours. After the methanol was distilled off under reduced pressure, the resulting residue was washed with die- 
thyl ether, acidified with 1 N hydrochloric acid, and then extracted with chloroform. The organic layer was washed with a 
saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. Thereafter, the sol- 
vent was distilled off under reduced pressure to obtain 70 mg of the title compound. 

Step 2. Synthesis of (2RVN-M-f4-met r iv1-3-oe^^ 
mide 

The title compound was synthesized in the same manner as described in Steps 2 to 4 of Example 1 using (2R)-2- 
(1 -cydopenten-1 -yl)-2-hydroxy-2-phenylacetjc acid. 

1 H-NMR (CDCb. 8ppm): 1.35-2.43 (16H. m). 1.61 (3H. s). 1.69 (3H. s). 2.70-2.90 (2H. m). 3.70-3.92 (2H. m). 5.00- 
5.12 (1H. m). 5.62-5.70 (1H. m). 5.98-6.1 1 (1H. m). 7.27-7.40 (3H. m). 7.42-7.52 (2H, m). 
Low Resolution FAB-MS (m/e. as (C24H34N2O2 + H) + ): 383 

Example 19 

Synthesis of fl-/4^nethvl-3-DerrtenyllDiDe ridin-4-vn 2-cvcldxJt^2-hvdroxv-2-pherwtoetate 

Step 1. S ynthesis of M - t-hutoyycarbonvlDrDeridin-4-vl) 2<^dotxjtYl-2-hydrpxy-2-phenylacetate 

4.48 g of the 2-cydobutyl-2-hydroxy-2-phenylacetic acid obtained in Step 1 of Example 1 and 3.41 g of 1 .1 , -carbo- 
nyJdiimidazole were dissolved in 100 ml of N.N-dimethylformamide. and this solution was stirred at room temperature 
for an hour. After this solution was cooled to 0°C. 3.60 g of 4-hydroxy-1 -t-butoxycarbonylpiperidine and 0.36 g of sodium 
hydride were added thereto, and the resulting mixture was stirred at room temperature for 4 hours. After the addition of 
water, the reaction mixture was extracted with diethyl ether. The organic layer was washed with a saturated aqueous 
solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
/ ethyl acetate = 10/1 to 4/1) to obtain 5.39 g of the title compound. 

Step 2. Synthesis of 'pjperidin-4-vn 2 -cvdobutvl-2-hvdroxv-2-ohenvlacetate hydrochloride 

A 10% methanolic solution of hydrochloric acid was added to a solution of 2.68 g of (1 -t-butoxycarbonylpiperidin-4- 
yl)-2-cyclobutyl-2-hydroxy-2-phenylacetate in 50 ml of methanol, and this mixture was stirred at room temperature for 
10 hours. The solvent was distilled off under reduced pressure to obtain 2.24 g of the title compound. 
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Step 3. Synthesis of ri-rA-mettwt-3-oenterwl^-piDeridin-4- vn 2^cvclQt?utYl'a-hY ^rQXY-2-phenYlaCgtat9 

50 mg of (piperidin-4-yf) 2-cyclobutyl-2-hydroxy-2-phenyi a cetate hydrochloride. 25 mg of 5-bromo-2-methy1-2-pen- 
tene 25 mg of potassium iodide and 47 mg of anhydrous potassium carbonate were suspended in 5 ml of anhydrous 
N N-dimethylformamide. and this suspension was stirred at 70°C for 3 hours. The reaction mixture was cooled to room 
temperature, mixed with water, and then extracted with diethyl ether. The organic layer was washed with a saturated 
aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled 
off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: 
chloroform / methanol « 20/1) to obtain 35 mg of the title compound. 

1 H-NMR (CDCI 3 . fippm): 1.58-2.22 (19H, m). 2.23-2.56 <4H. m). 2.59-2.69 <1H. m). 3.27-3.38 (1H. m). 3-82-3.87 
(1H. br s). 4.80-4.90 (1H. m). 5.06-5.13 (1H. m). 7.21-7.37 (3H. m). 7.56-7.61 (2H. m). 
Low' Resolution FAB-MS (m/e. as (C23H33NO3 + H) + ): 372 

15 Example 20 

r fA . M ^ P Antvnnio e ridin^^^ 

The title compound was prepared in the same manner as described in Step 3 of Example 19 using 1-bromo-4- 
20 methylpentane. 

1 H-NMR (CDCI3, Sppm): 0.88 (6H. d. J=6.6Hz), 1.12-1.20 (2H. m). 1.41-2.15 (13H. m). 2.20-2.68 (6H. m). 3.26- 
3.38 (1H. m). 3.84 (1H. s). 4.80-4.90 (1H. m). 7.21-7.37 (3H, m). 7.56-7.62 (2H. m). 
Low Resolution FAB-MS (m/e. as (C23H35NO3 + H) + ): 374 
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Example 21 

r H i.r. y rinhp*vl a tri^i ^ ^ 

30 The title compound was prepared in the same manner as described in Step 3 of Example 19 using 1 -cyclohexyle- 
trtyt methanes ulfonate. 

1 H-NMR (CDCI3. 6ppm): 0.78-0.95 (5H. m). 1 .10-1 .36 (4H. m). 1 .50-2.76 (20H, m), 3.25-3.39 (1 H. m). 3.85 (1 H s). 
4.75-4.86 (1H. m). 7.21-7.37 (3H. m). 7.55-7.61 (2H. m). 
35 Low Resolution FAB-MS (m/e. as (C23H 3 7N0 3 + H) + ): 400 

Example 22 

(gR)-N^1-rf4SV4-MethdhaxvnoiPeridm^^ hydrochloride 
Step 1. Optical resolution of 2-cvclob utvl-2-hvdroxv-2-Dhenvlacetic acid 

In the light of the method of Canter et al. (J. Med. Chem.. Vol. 34. pp. 3065-3074). optical isomers of 2-cyclobutyi- 
2-hydroxy-2-phenylacetic acid were obtained in the following manner. 

4 g of 2^ydciDutyl-2-hydroxy-2-pheny1acetic acid and 2.35 g of R-( + )-methylbenzylamine were dissolved in 60 ml 
of anhydrous toluene by the application of heat, and this solution was allowed to stand at room temperature for 24 
hours. The white needle-like crystals which separated out were dissolved again in 100 ml of toluene, and this solution 
was allowed to stand for 24 hours. The foregoing procedure was repeated five times to obtain 0.37 g of the R-(+)-meth- 
ylbenzylamine salt of the title compound. This was dissolved in a mixture of diethyl ether and 1 N hydrochloric acid. The 
organic layer was washed with water and a saturated aqueous solution of sodium chloride and then dried over anhy- 
drous magnesium sulfate. Thereafter, the solvent was distilled off under reduced pressure to obtain 0.22 g of (2R)-2- 
cydobutyl-2-hydroxy-2-phenylacetic acid. 

[a]o° = +1 1-03° (C = 3.10. EtOH) 

With respect to the (2S)-isomer which is the antipode thereof, the same procedure was repeated using (S)-(-)- 
methylbenzylamine. Thus, there was obtained 0.13 g of (2S)-2-cydctxjtyl-2-hydroxy-2-phenylacetic acid. 
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[a] D ° = -14.5° (C = 6.15. MeOH) 
c^op o R ynthftste of 4-t-bu t nwrarbonvlamin^^^ 

315 mg of (4S)-4-methylhexyl methanesulfonate. 320 mg of W*"***^^ 
drous potaLum carbonate and 266 mg (1.6 mmol) of potassium iodide were suspended m « ^^Wj«-^- 
mamide, and this suspension was stirred at 70-C for 3 hours. The reaction 

mixed with water, and then extracted with diethyl ether. The organ* layer was washed ^«^ureted 
tion of sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off ^ reduced 
pressure, the resulting residue was purified by silica gel column chromatography (developing solvent, hexane / ethyl 
acetate = 1/1) to obtain 328 mg of the title compound. 

Step a Synthesis of A. a mino-14f4 S )^-mftihvlhexvn-oiDeridine dihydrochlopde 

2 ml of a 10 % methanolic hydrochloric acid solution was added to a solution of 320 mg (VI mmol) of 4-t-butoxy- 
carbonvlamino-1-r(4S)-4-methylhexynpiperidine in 5 ml of methanol. After this mixture was stirred at room temperature 
for an l^Z St^^^^ reduced pressure to obtain 296 mg (quantitative yield) of the title com- 
pound. 

20 step * Syittbflg * BB)d±UiK4^B d De^^ 

60 mg of (2 R)-2-cydobutyl-^^ 
3 ml of anhydrous N.N-dimethytformamide, and this mixture was stirred at room temperature for 2 houi^95r^of4^ 
amirK>-1-[(4V)-4-methylhexyflpipericf.ne dihydrochloride and 86 mg of ^ m ^^ n ^ ine ^ T 2^^ 0 ^ 
Resulting mixture was stirred at room temperature overnight. The reaction mature was rrnxed ^wrth water ar* then 
exacted with diethyl ether. The organic layer was washed with a saturated aqueous solution of ^ *^ "f 
dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting res - 
^J^S^P^^^ 'ayer chromatography [Wese.geT' 60F 254 . Art 5744 (manufactured by E. Merck); 
developing solvent; chloroform / methanol = 9/1] to obtain 67 mg of the title compound. 

Step 5. Sjm jhfisis «f f2m-N4i4f4SW4-fna^ ^ 
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67 mg of (2R)-N-{1-[(4S)-4-metriylhexyn^ ^SS^ 
in a 4N h/drc^hloric acid solution in dioxane. and ^ 

solvent was distilled off under reduced pressure, the resulting solid was recrystallized from chloroform - diethyl ether to 
obtain 50 mg of the title compound. 

1 H-NMR (CD 3 OD, 8ppm): 0.90 (3H. t. J=7.3Hz), 0.91 (3H. d. J=6.2Hz). 1.10-1.27 (2H. m). 1.30-1.46 (3H m). 1.62- 
2 29 02^2.93^13 (4H. m), 3.40-3.70 (3H. m). 3.80-3.95 <1H. m). 7.19-7.33 (3H. m). 7.48-7.54 (2H. m). 

Example 23 

S^pttlfiSi S. ^^idmitl ^ ^ 

According to the method of A. Chesny. et al. [Synthetic Cornmunicalions Vol 20. »3^1« 50 rng of 
the 2Hcydctoutyt-2-hydroxy-2-pheny1acetic acid obtained in Step 1 of Example 1 and a catalytic amount of DBU were 

The resulting solution was added at 0°C to an ylide compound prepared from 156 mg of c ^ 0 P^ fr JP^ 
nium iodkle and 200 pi of n4^ limium (asa 1.69M hexane solution 
and then at room temperature for 4 hours. After the ^n of 20 n^ of water, me rea^ 
ethyl acetate (30 ml x 3). The organic layer was washed with a saturated aqueous solution of sodium chloride and then 
dried over anhydrous magnesium sulfate. After the solvent was distilled off under r ^f^^J e -^^^ Q 
dufwas purified by thin-layer chromatography [Weselgel™ 60F 254 . Art 5744 (manufactured by E. Merck); developing 
ss solvent: hexane/ethyl acetate = 1/2] to obtain 2.0 mg of the title compound. 

1 H-NMR (CDd 3 . 6ppm): 1.55-2.41 (24H. m). 2.43-2.55 (1 H. m). 2.59-2.70 (1H. m), 3.26-3.39 (1H. m). 3.84 (1H. s). 
4.80-4.89 (1H. m). 5.17-5.25 (1H. m). 7.22-7.37 (3H, m). 7.56-7.61 (2H. m). 
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Low Resolution FAB-MS (m/e, as (CzsHasNOa + H) + ): 398 



Example 24 

Synthesis of N-m=l-1 -f4-methvl-4-h«*ftri^ and 
mRthv^-hex ^yn pinfiridin-4^^ 

^ 1 S yxttbafe "f ^Ha^ ffl pgayiteg^^ gtt1Yleng kgt91 

98 mg of the N-(piperidin-4-yl)-2«ydob^^ hydrochloride obtained inj Step .2 1 of 

Examole 1 50 ul of 2-(3-chloropropyl)-2-methyt-1 .3-dioxolan, 50 mg of anhydrous potassium carbonate and 10 mg of 
^«^ P iJS^3 ml of anhydrous N.N^imethytformamide, ^"^^J^ 
60»Cfor3rK)urs. After the reason rnixture was cooled to^ 

pressure. The resulting residue was mixed with water and then extracted with chloroform. Thew^ layer was 
washed with a saturated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After 
melofcent was distilled off under reduced pressure, the resulting restfue was purged by silica ^^^^ 
raphy (developing solvent: chloroform to chloroform / methanol = 10/1) to obta.n 91 mg of the trtle compound. 

Step 2. S ynthesis of N-M - ^vr^vltaiDer^ 

86 mg of N-[1 -(4-oxoperty1)pipericiin-4-^ "Wene ketal wasdissolved 

in 2 ml XahydrofurarTarKV^ I ml of 1 N hydrochloric acid was added thereto. After this mixture was stirred at nx,m 
emperatu TforWi hour, the tetrahydrofuran was distilled off under reduced pressure. The resutong rescue was d,s- 
sTedta mixture of chloroform and an aqueous solution of sodium hydrogen carbonate, ^^cjayerwas 
washed wrth a saturated aqueous solution of sodium chloride and then dried over anhydrous ™9"^ sulfate. 
Thereafter, the solvent was distilled off under reduced pressure to obtain 68 mg of the title compound. 

Step3 S ynth*** of N-M-^4.m ft thvl-4.h ^^ N ' f1 ' 
fTHA-mpth yl^-hexenv ^ 

62 mg of N-[H4-oxopentyl)piper^ 
compound prepared from 124 mg of ethyttriphenylphosphonium bromide and 200 nl of n-butyl lithium , (as a1.®Jh« 
^solution)^ this mixture was stirred at 0°C for 30 minutes and then at ^^^^J^^^ 
solvent was distilled off under reduced pressure, the resulting rescue was mixed wrth 20 ^^"f^^!^ 
35 with chloroform (30 ml x 3). The organic layer was washed with a saturated aqueous solution of sod.um chtonde and 
men dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure^ the resulting 
^duewaTlSby preparative thin-layer chromatography [Kieselgel™ 60F 254 . Art 5744 (™ctured by E. 
S dTeS^ent: cWoroform to chloroform / methanol - 10/1) to obtain 18.0 mg of N-[1 KZ)-(4-methyl-4-hex. 
e^£^ and 9 0 ™* <* N-[1-(E)-(4-methy.-4-hexenyl)p, P er^4- 

1 H-NMR (CDCI3, Sppm): 1.35-2.17 (22H, m), 2.27-2.36 (2H, m), 2.75-2.90 (2H. m). 3*0-3 60 <2H. m). 3.66-3.80 
(1H m) 5^(1HT^.8Hz), 6.18 (1H. d.J-7.5Hz), 7.24-7.38 (3H. m). 7.46-7.52 (2H. m) 
( NMR spectrum of N-[1-(^-(4-m 
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H-NMR (CDC.3, 8ppm): 1.45-2.22 (22H. m), 2.33-2.41 (2H, m). 2.86-2.98 (2H, rr^ 3.30-3.60 (2H, m). 3.70- 
3.85 (1H. m), 5.17-5.26 (1H, m), 6.25 (1H, d. J=7.6Hz), 7.27-7.41 (3H, m), 7.47-7.58 (2H, m). 

50 Example 25 

ff R ).^W4-M^-3-oent«nyn^ 

Step 1. S ynthesis of 4-ftmino-1-f4-m p *hvt-3-pentenvltoiDeridine dirTYdrpchlOride 

The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 22 using 5-bromo- 
2-methyl-2-pentene. 
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ffrgp 9 Synthesis of f2RVN-M-M-methvl-3-pertenvnriP e firt^ 

The title compound was prepared in the same manner as described in step 4 of Example 22 using 4-amino-1 -<4- 
methy1-3-penteny1)piperidine dihydrochloride. 

Step 3. Sffilhesjs^fJ2RHHi^ 
rate 

42 mg of (2R)^H4-methyl-3^entenyl)Dipe^ was dissolved 

in ethanoJ. and 13.2 mg of fumaric acid was added thereto. Recrystallization from hexane / ether gave 48 mg of the title 
compound. 

1 H-NMR (CD 3 OD, 5ppm): 1.67 (3H. s), 1.72 (3H. s), 1.74-2.20 (10H. m), 2.35-2.46 (2H. m). 2.90-3.05 (4H. m). 
3.39-3.55 (3H. m), 3.79-3.92 (1H. m). 5.03-5.12 (1H. m), 6.69 (2H. s), 7.19-7.34 (3H, m). 7.49-7.54 (2H, m). 

Example 26 

Synthesis of N-f i4f4S)-4-methvfhexvnaperi din-4-vn-2^^ 

The title compound was prepared in the same manner as described in Step 4 of Example 1 using (4S)-4-methy1- 
hexyl sulfonate. 

1 H-NMR (CDCI 3 . 8ppm):0.84 (3H. d; J=6.4Hz), 0.85 (3H. t, J=7.2Hz), 1.00-1.57 (10H, m). 1.70-2.15 (11H. m), 2.27 
(2H, t, J=7.8Hz), 2.71 -2.84 (2H, m), 3.30-3.53 (2H. m). 3.66-3.79 (1 H, m), 6.12 (1 H, d, J=7.9Hz). 7.23-7.38 (3H, m). 
Uw Resolution FAB-MS (m/e. as (C24H38N202 + H) + ): 387 

Example 27 

Synthesis of N-f 1 -f4-metrivl-3-pentenvnpiDeridin^^ 

Step 1. Synthesis of 2-cvclopentvl-2-hvdroxv -2-ph6nvlacetic acid 

A solution of cyclopentylmagnesium chloride in diethyl ether was added dropwise to a solution of 23.5 g of ethyl 
phenylglyoxylate in 200 ml of tetrahydrofuran under cooling with ice, and this mixture was stirred at the same tempera- 
ture for 30 minutes. After the addition of a saturated aqueous solution of ammonium chloride, the reaction mixture was 
extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium chloride and 
then dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting 
residue was purified by silica gel column chromatography (hexane / ethyl acetate = 30/1 to 20/1) to obtain 1 1 g of ethyl 
2-cyclopenty1-2-hydroxy-2-phenylacetate. This was dissolved in 40 ml of methanol, and 20 ml of a 4N aqueous solution 
of sodium hydroxide was added thereto at room temperature. This mixture was stirred at the same temperature for 2 
hours and then at 50°C for an hour. After the methanol was distilled off under reduced pressure, the aqueous layer was 
made weakly acidic with 4N hydrochloric acid and then extracted with ethyl acetate. The extract was washed with a sat- 
urated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the solvent was dis- 
tilled off under reduced pressure, the resulting solid was washed with diethyl ether / hexane (=1/1) to obtain 8.7 g of 
the title compound. 

Step 2. Synthesis of N-{ptperidin-4- vn-2-cvdopertt^ 

The hydrochloride of the title compound was prepared in the same manner as described in Steps 2 to 3 of Example 
1 using 2-cydcperttyl-2-hydroxy-2-phenylacetjc acid. The hydrochloride was dissolved in a mixture of ethyl acetate and 
a 1 N aqueous solution of sodium hydroxide. After the organic layer was dried over anhydrous sodium sulfate, the sol- 
vent was distilled off under reduced pressure to obtain the title compound. 

Step 3. Synthesis of N-f 1 -(4-me1hvt-3Kaerrtenv1 to iperidiry4^^ 

The trtJe compound was prepared in the same manner as described in Step 4 of Example 1 using N-(piperidin-4- 
yl)-2-cydopentyl-2-rrydroxy-2-phenvtacetamide. Its NMR and MS spectra are identical with those of the compound 
obtained in Example 16. 
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Example 28 

(9R ).N^i.f4-M<^-3^pnterwn^^ fymarate 

5 stop i SjfntjTgsjs of f2RV2-cvclooemvl-2-hvdroxv-2-phenYlacetic acid, 

Rtpp 1-1 Optical resolution of 2-cvdopentvl-2-tTydrox Y-2-phenYlacetic apid 

8 7 q of the 2-cycloperrtyl-2-hydroxy-2-phenylacetic acid obtained in Step 1 of Example 27 and 1 1 .6 g of cinchoni- 
dine were dissolved in 1 .5 litres of toluene by the application of heat, and this solution was cooled to room terrperature 
over a period of about 4 hours. The white needle-like crystals which separated out were dissolved again in 900 ml of 
toluene, and this solution was cooled to room temperature over a period of about 4 hours. The white needle-lite crystals 
which separated out were collected by filtration to obtain 8.0 g of the cinchonidine salt of (2R)-2-cydopentyl-2-hydroxy- 
2-phenylacetic acid. This was dissolved in a mixture of diethyl ether and 1 N hydrochloric acid. The organic layer was 
washed with water and a saturated aqueous solution of sodium chlor ide and then dried over anhydrous magnesium sul- 
fate. Thereafter, the solvent was distilled off under reduced pressure to obtain 3.0 g of the title compound. 

Step 1-2. Asymmetric synthesis of r2R V 2^vdoperrtvl-2-hvdrQXV-2-phenYlavetiv SC'd 

1 ml of a solution of 1.5 M lithium diisopropylamide in hexane was added dropwise to a solution of 293 mg of 
(2S 5S)-2-(t-butyl)-5-phenyM ,3-dioxolan-4^one in 10 ml of tetrahydrofuran at -78°C. and this solution was stirred for 30 
minutes After the addition of 0.15 ml of cyclopentenone. the solution was stirred for an additional hour. A solution of 
510 mg of N-phenyltrifluoromethanesulfonimide in 5 ml of tetrahydrofuran was added to the reaction mixture, and the 
resulting mixture was stirred at room temperature overnight. The reaction mixture was poured into a saturated aqueous 
25 solution of ammonium chloride and extracted with ethyl acetate. The organic layer was washed with a erated aque- 
ous solution of sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
/ ethyl acetate = 40/1) to obtain 360 mg of a yellow oily substance. This was dissolved in 4 ml of methanol, and 45 mg 
of sodium acetate and 15 mg of 10% palladium-carbon were added thereto. This mixture was stirred at room tempera- 
so tore under atmospheric pressure in an atmosphere of hydrogen for 6 hours. After the reaction mixture was filtered 
through celite, the solvent was distilled off under reduced pressure. The organic layer was washed with a saturated 
aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent was a«sti"ed 
off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: 
hexane / ethyl acetate = 19/1) to obtain 63 mg of a colorless oily material. This was dissolved in 1 ml of methanol, and 
35 1 ml of a IN aqueous solution of sodium hydroxide was added thereto. This mixture was stirred at 60°C for 3 hours. 
After the methanol was distilled off under reduced pressure, the resulting residue was washed with diethyl ether, made 
acidic with 1 N hydrochloric acid, and then extracted with chloroform. The organic layer was washed with a saturated 
aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. Thereafter, the solvent was dis- 
tilled off under reduced pressure to obtain 46 mg of the title compound. ru . Q ..„ | 
40 It was confirmed by high-performance liquid chromatography using a chiral column [column: DAICEL CHIRALCEL 
OJ. 0.46 cm (inner diameter) x 250 cm] that the compounds obtained in Steps 1-1 and 1-2 were identical. From the 
viewpoint of synthetic chemistry, the steric configuration at the 2-position of the compound obtained in Step 1-2 was 
presumed to be R. 

Step 2. SjEfcesisjaUgT^^ 
rate 

The title compound was prepared in the same manner as described in Example 25 using (2R)-2-cycloperrtyl-2- 
hydroxy-2-phenylacetic acid. 

1 H-NMR (CD 3 OD. 5ppm): 1.20-2.14 (12H. m). 1.67 (3H. s). 1.72 (3H. s). 2.37-2.48 (2H. m). 2.97-3.13 (5H, m). 
3.42-3.58 (2H. m), 3.80-3.91 (1H. m). 5.04-5.11 (1H. m). 6.71 (2H. s). 7.18-7.33 (3H, m). 7.58-7.63 (2H. m). 

Example 29 

iPR)-N4i4'4Sl-4-Methvlhexv^^ 

The title compound was prepared in the same manner as described in Step 5 of Example 22 using (2R)-2- 
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cydopentyl-2-hydroo(y-2-phenylacetic acid. 

1 H-NMR (CD 3 OD, Sppm): 0.90 (3H, t. J=7.3Hz). 0.91 (3H. d, J=6.0Hz), 1.13-2.16 (19H, m), 2.93-3.16 (5H. m). 
3.44-3.67 (2H, m), 3.60-3.92 (1H. m). 7.19-7.33 (3H, m), 7.59-7.64 (2H, m). 

Example 30 

N-[i.^-{A-Methvt-3-pentenvnpipe^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 4-methyl-2-pen- 
tenyl methanesutfonate. 

1 H-NMR (CDCI3. 8ppm): 0.97 (6H, d. J=6.8Hz). 1.15-2.05 (14H. m), 2.22-2.33 (1H. m) 2.72-2.77 (2H m). 2.88 
(2H. d. J=6.6Hz), 2.95-3.09 (1H. m). 3.14-3.23 (1H, m). 3.64-3.75 (1H, m), 5.34-5.43 (1H, m). 5.51-5.58 (1H, m), 
15 6.33 (1 H, d. J=7.6Hz), 7.22-7.36 (3H, m), 7.57-7.61 (2H, m). 

Low Resolution FAB-MS (m/e, as {Cz^^hOz + H) + ): 385 

Example 31 

20 RvnthAsrs of N-M ^FW4.methvl-2- h «™n^rwi^^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using (E)-4-metny1-2- 
hexenyl methanesulfonate. 

25 1 H-NMR (CDCh 6ppm): 0.83 (3H. t, J=7.3Hz), 0.96 (3H, d. J=6.8Hz), 1.20-2 06 (18H, m), 2.71-2.77 (2H, m), 2.90 

<2H ™ J^^MM-OS (1H, m). 3.64-3.74 (1H, m), 5.39-5.43 (2H. m). 6.35 (1H. d. J=7.9Hz). 7.22-7.36 (3H. 
m). 7.57-7.61 (2H. m). 

Low Resolution FAB-MS (m/e, as (C25H38N2O2 + H)*): 399 
30 Example 32 

M .fi.fr,vriohexvtmethvnpiper^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using cyclohexylme- 
35 thyl p-toluenesuHonate. 

1 H-NMR (CDCI3. fippm): 0.73-0.92 (2H, m). 1.03-1.90 (21H, m). 1.92-2.30 (4H, m). 2.12 (2H, d, J=6.9Hz). 3.61- 
3.79 (1H, m), 6.32 (1H. br d. J=8.1Hz), 7.21-7.40 (3H, m). 7.59 (2H, brd, J=7.5Hz). 
Low-resolution FAB-MS (m/e, as (C2 5 H3 8 N 2 0 2 + H)+): 399. 

40 

Example 33 

N-IWCvdoheptvlmelrivl^^ 

34 mg of N-(piperidin-4-yD-2-cyclcper^^ obtained in Step 2 of Example 27, 50 mg 

of cydoheptanecarbaldehyde and 10 mg of acetic acid were dissolved in tetrahydrofuran. 70 mg of sodium tnacetoxy- 
borohydride was added thereto and the resulting mixture was stirred for 1 7 hours. After the addition of a saturated aque- 
ous solution of sodium bicarbonate, the reaction mixture was extracted with chloroform. The organic layer was washed 
with a saturated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the solvent 
was distilled off under reduced pressure, the resulting residue was purified by preparative thin layer chrorra^raphy 
(Weselgel™. 60F 254 . Art 5744 (manufactured by E. Merck; developing solvent: chloroform / methanol = 10/1) to obtam 
the title compound. 

1 H-NMR(CDCb. fippm): 1.00-1.91 (25H, m). 1.96-2.19(4H, m), 2.61-2.84 (2H. m). 2.93-3.11 (1H, m), 3.21 (1H, br 
55 S), 3.63-3.80 (1H. m). 6.31 (1H, d, J*7.2Hz), 7.21-7.41 (3H, m), 7.56-7.68 (2H. m) 

Low Resolution FAB-MS (m/e. (CgeH^NzOg + H)*): 413 



45 



50 



40 



.1 



EP 0 823 423 A1 

Example 34 

The title compound was prepared in the same manner as described in Steps 2 to ^ Example 22 ! using {2R)^- 
cyctopentyl-2.hydroxy-2-phenylacetic acid obtained in Step 1 of Example 28 and cydopentyl methyl methanesuHonate. 

Example 35 
10 /9R).N-ri.fCrelohPr rt YtmPt^ ^ 

<2R)-N-{1-(Cycloheptylmethy^^ 
was dissolved in chloroform and a 4N hydrochloric acid solution in ethyl acetate was added thereto The solvent was 
distilled off under reduced pressure and the residue was washed with diethyl ether. The resulting sold was recrystal- 
is lized from ethanol - diethyl ether to obtain the title compound. 

1 H-NMR (CDCI 3> 5ppm): 1.08-1.27 (1H, m), 1.29-2.13 (22H. m). 2.39-2.87 (4H, m), 2.79 (2H, d. J=6.6H2) 3^00- 
3 15 (2H, m). 3 46^.64 (2H, m). 3.85-4.11 (1H, m), 6.92 (1H. br d. J=8.4Hz), 7.20-7.40 (3H. m). 7.60 (2H, d, 
J=7.2Hz) 

20 Low Resolution FAB-MS (m/e. (CagH^NgOa + H) + ): 41 3 
Example 36 

N . n .fi^yHnh»rrtftndm ^ ^ 

The title compound was prepared in the same manner as described in Example 33 using 1 -cyctoheptenecarbald- 
ehyde. 

1 H-NMR (CDCI 3 . 6ppm): 1.16-2.13 (21H. m). 2.41-2.54 (2H, m). 2.63-2.72 (2H. m), 2.76(2H. s). 2.92 I-3.03 (2H. m) 
3 19 (1H br s). 3.62-3.73 (1H, m), 5.62-5.66 (1H. m), 6.28 (1H. d. J=7.6Hz). 7.22-7.34 (3H. m). 7.57-7.60 (2H, m) 
Low Resolution FAB-MS (m/e. (CzeHasNzOa + H) + ): 411 
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Example 37 

The title compound was prepared in the same manner as described in Example 33 using 1 -cyclohexenecarbalde- 
hyde. 

1 H-NMR (CDO3, 6ppm): 1 .10-2.12 (22H. m). 2.64-2.90 (2H, m), 2.85 (2H. br s). 2.95-3.09 (1 H, m). 3/ 15 (1 H, br s), 
3 6^81 (1Kt)^55-5.62 (1H, m). 6.36 (1H. d. J=9.0Hz), 7.21-7.39 (3H. m). 7.60 (2H, br d. J=7.5Hz) 
Low Resolution FAB-MS (m/e. (CzgHae^Oz + H) + ): 397 
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Example 38 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using cyclopentylme- 
thyl methanesulfonate. 

1 H-NMR (CDCU, 6ppm): 1.10-1.31 (2H. m). 1.35-1.90 (18H. m). 1.96-2.15 (3H. m). 2.25 (2H, d. J=7.3Hz). 2.78 
(2H rJ=11.6li)!T93-3.10 (1H. m). 3.27 (1H. br s). 3.62-3.75 (1H. m). 6.35 (1H. J=8.3Hz). 7.22-7.41 (3H. m). 
7.59 (2H. d. J=6.7Hz) 

Low Resolution FAB-MS (m/e. (C^H^C^ + H) + ): 385 
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5 The title compound was prepared in the same manner as described in Step 3 of Example 27 using 1 -cyclopente- 
nyt methyl methanesulfonate. 

1 H-NMR (CDCI 3 . 8ppm): 1.36-1.73 (10H. m). 1.75-194 (4H. m), 1.96-2.10 (2H. m), 2.22-2.38 (4H. m), 2.70-2.80 
(2H, m), 3.00 (2H, s). 3.01 -3.18 (2H, m). 3.63-3.77 (1 H, m), 5.53 (1 H, s). 6.36 (1 H, d. J=8.1 Hz). 7.24-7.36 (3H. m), 
io 7.60(1H,dd. J=8.5. 1.2Hz) 

Low Resolution FAB-MS (m/e. (C24H34N2O2 + H) + ): 383 

Example 4Q 
r5 N-fl-f3-MethvM-c*clohfixendm^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 3-methyl-1- 
cyclohexenylmethyl methanesulfonate. 
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1 H-NMR (CDCI 3 , 6ppm): 0.95 (3H, d, J=6.9Hz). 1.00-2.21 (21H, m). 2.60-2.89 (4H. m), 2.94-3.09 (1H, m), 3.15 
(1H, br s). 3.61-3.80 (1H. m), 5.36-5.44 (1H, m), 6.21-6.39 (1H. m), 7.20-7.40 (3H, m). 7.55-7.63 (2H, m) 
Low' Resolution FAB-MS (m/e. (CaeHasNgOg + H) + ): 41 1 

Example 41 

N41.(4-MethvM-cvclohexenvlm^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 4-methyl-1- 
cydohexenytmethyl methanesulfonate. 

1 H-NMR (CDCI3. fippm): 0.95 (3H, d. J=6.0Hz). 1.04-1.30 (2H. m). 1.31-2.17 (19H. m). 2.59-2.89 (4H, m). 2.95- 
3.10 (1H, m). 3.17 (1 H, s). 3.61-3.79 (1H. m). 5.49-5.58 (1H. m). 6.29 (1H. d. J=7.2Hz). 7.21-7.40 (3H. m). 7.56- 
7.65 (2H. m) 

Low Resolution FAB-MS (m/e. (C Z6 H 3 g h N 2 02 + H) + ): 41 1 



Example 42 

M.p. f 9^vr.lnh»x e rtvtmet h v^ 

40 The title compound was prepared in the same manner as described in Step 3 of Example 27 using 2-cyclohexenyl- 
methyt 4-toluenesutfonate. 

iH-NMR(CDCt 3 . fippm): 0.804.96 (1H. m). 1.05-2.39 (22H. m). 2.69-2.86 (2H. m). 2.94-3 .10 ^1 H 
s). 3.61-3.80 (1H. m). 5.57-5.65 (1H. m). 5.67-5.77 (1H. m). 6.274.49 (1H, m). 7.22-7.42 (3H. m). 7.56-7.65 (2H. 
45 m) 

Example 43 

N-(i-PAntvtpinaridin^ 

50 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 1 -pentyl 4-tol- 
uenesulfonate. 

1 H-NMR(CDQ 3 , 5ppm): 0.88 (3H. t J=6.9Hz). 1.10-1.76 (16H. m). 1 .78-1.94 (2H, m), 2.02-2.19 (2H, m), 2.28-2.40 
55 (2H. m). 2.75-2.92 (2H. m). 2.95-3.20 (2H, m). 3.62-3.80 (1H. m). 6.37 (1H, d. J=8.1Hz). 7.20-7.39 (3H, m). 7.59 
(2H.dd.J=8.4. 1.2Hz) 
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Example 44 

^.f1.( t fa n R .3-M ft thv1^^ 

5 The title compound was prepared in the same manner as described in Step 3 of Example 27 using trans-3-meth- 

ylcyclohexylmethyl 4-toluenesulfonate. 

1 H-NMR (CDCI 3 . 8ppm): 0.89 (3H. d. J=6.9Hz), 1.02-1.90 (22H. m). 1.97-2.29 (4H, m). 2.64-2.84 (2H m) 2.94- 
3 .10 (IK m), 3170H.br s), 3 60-3.79 (1H. m), 6.31 (1H, d. J=8.1 Hz). 7.21-7.40 (3H, m). 7.57-7.66 (2H, m) 
w Low Resolution FAB-MS (m/e, (C26H40N2O2 + H)+): 413 

Example 45 

N .[i-^fc^-Mirthvlcvdoh«^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using cis-3-methylcy- 
clohexylmethyl 4-toluenesulfonate. 

1 H-NMR (CDCI 3 , 5ppm): 0.42-0.58 (1H, m), 0.64-0.95 <2H. m). 0.87 (3H. d, J=6.6Hz), 1.12-1.90 (19H, m). 1.95- 

218™hS^ 

7.49 (3H, m), 7.55-7.63 (2H. m) 

Low Resolution FAB-MS (m/e, {CzsH^Oz + H) + ): 413 
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Example 46 

M. ri.(3.M«thxH-1-Cvd Q ^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 3-methyM- 
cyclopentenylmetnyl 4-toluenesulfonate. 

1 H-NMR (CDCI3. 8ppm): 0.99 (3H, d. J=2.9Hz), 1.13-1.93 (14H, m), 2.00-2.16 (3H, m) 2.2C [-2 38 (2 H rn) Z63- 
2.80 (3H, m), 2 98^H, s). 2.96-3.08 (1H. m). 3.08-3.30 (1H, m), 3.62-3.77 (1H, m), 5.44 (1H, s), 6.37 (1H, d. 
J=8.2Hz), 7.26-7.36 (3H. m), 7.60 (2H, d, J=7.1Hz) 
Low Resolution FAB-MS (m/e. {ChsH^Oz + H) + ): 397 

35 

Example 47 

N .ri. f4 .^^^.r*>n^ 

40 Qtop 1 ^ynthPRis of 2-cvd o perrtyl-2-hvdroxv-2-(2-thienvnacetic acid 

A solution of cyclopentytmagnesium chloride in diethyl ether was added dropwise to a solution of 5.00 g of 2- 
thienylglyoxylic acid in tetrahydrofuran at -40«C over a period of 30 minutes. This mixture was stirred at the same tem- 
perature for 25 minutes and a 1 N hydrochloric acid was added thereto. The organic layer was separated, made alkahne 
with an aqueous solution of sodium bicarbonate, and then washed with diethyl ether. The basic aqueous layer was 
made acidic with 1 N hydrochloric acid and extracted with diethyl ether. The organic layer was washed w.th water and a 
saturated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the sofcent was dis- 
tilled off under reduced pressure, the resulting residue was suspended in diethyl ether and the sol.d matter was 
removed by filtration. The solvent was distilled off under reduced pressure to obtain the tile compound. 

Step 2. S ynthesis of N-M .(A-m^nyl-a-per tf pnvl^^ 

The title compound was prepared in the same manner as described in Step 2 of Example 25 using 2-cyclopentyl- 
2-hydroxy-2-(2-thienyf)acetic acid. 

1 H-NMR (CDa 3 . fippm): 1.36-1.82 (20H. m). 1.87 (2H. m). 2.21 (4H. m). 2.44 (2H. m). 2.81 (1H. m) 2 94 <2H n£ 
3 78 (IK m). 5 oT(1H. m). 6.43 (1H. d. J=7.8Hz). 6.95 (1H. dd. J-5.2. 3.6Hz>. 7.08 (1H. dd. J=3.6. 0.7Hz). 7.22 
(1H. dd, J=5 0. 0.7Hz) 
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Low Resolution FAB-MS (m/e. (C^H^NzOgS + H) + ): 391 
Example 48 

The title compound was prepared In the same manner as described in Example 47 using 3-thieriylglyoxylic acid. 
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'H-NMR (CDCI 3 , 5ppm): 1.37-1.77 (18H. m). 1.80-1.98 (2H, m), 2.08-2.24 (4H. m), 2.30-2.42 (4H. m). 2 77-2^92 
(2H m). 3.66-3 80 (1H. m). 5.02-5.10 (1H. m), 6.35 (1H. d. J=7.9Hz), 7.19 (1H. dd. J=5.0. 1.4Hz). 7.28 (1H. dd. 
J=5.0. 3.0Hz), 7.30 (1H. dd, J=3.0. 1.4Hz) 
Low Resolution FAB-MS (m/e. (C^H^N^S + H) + ): 391 

Example 49 

N-[1.M-Methvl-3-ppntPn^ ^ ^ 

Step 1 Synthesis o * ffthyl 3-fiirvlnlvoxvlate 

A solution of n-butyllithium in hexane was added dropwise to a solution of 1 ml of 3-brornofuran in 6 ml of diethyl 
ether at -78°C. and this mixture was stirred at the same temperature for 15 minutes. A solufon of 22 ml of diethyl oxalate 
in 9 ml of diethyl ether was added dropwise thereto and the resulting mixture was stirred at -78"C for 30 mmutes. After 
the addition of 14 ml of 1 N hydrochloric acid at the same temperature, the reaction mixture was gradually warmed to 
room temperature. The reaction mixture was extracted with diethyl ether. The organic layer was v^ wjth^er and 
a saturated aqueous solution of sodium chloride and then dried over anhydrous sod.um sulfate. After the solvent was 
distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing 
solvent: hexane / ethyl acetate = 10/1) to obtain the title compound. 

Step 2- Synthesis of 2-cvclopenty l-2-f3-furvlV2-hvdroxvacetic acid 

The title compound was prepared in the same manner as described in Step 1 of Example 27 using ethyl 3-furylg- 
lyoxylate. 

c T ^ sjflffligsjs "< i HHfcna M ^^ 

The title compound was prepared in the same manner as described in Step 2 of Example 47 using 2-cyclopentyl- 
2-(3-furyl)-2-hydroxyacetic acid. 

R (CDCI3, 5ppm): 1.34-1.84 (16H. m), 1.83-1.95 (2H. m). 2.09-2.25 (4H. m). 2.33-2 .40 (2H m). : 2J50-2 .74 
j 2 83-2 92 (2H. m). 2.90-3.30 (1H. m). 3.70-3.84 (1H. m). 5.03-5.1 1 (1H. m). 6.42 (1H, d. J=7.2Hz). 6.44 
(1K dd.' J=2.7. 1.8Hz). 7.33 (1H.d. J=1.8Hz), 7.46 (1H. d. J=2.5Hz) 
Low Resolution FAB-MS (m/e. (C22H34N2O3 + H)*): 375 

Example 50 

N-[1-(4-Methvt-3-pfinten^^ 

The title compound was prepared in the same manner as described in Example 49 using furan. 

1 H-NMR (CDCI3. Sppm): 1.35-1.77 (16H. m). 1.78-1.90 (1H. m). 1H4iB (1li m) UMH I f4K m) 2.3**40 
(2H m). 2.60-2.70 (1 H. m). 2.72-2.92 (2H. m), 3.70-3.83 (1 H. m). 3.95^.15 (1 H. m). 5.03-5.12 (1 H. m). 6.20 (1 H. 
d. J=7.5Hz), 6.36 (1H. d. J=3.3Hz). 6.39 (1H. d. J=3.3Hz). 7.38 (1 H. s) 
Low Resolution FAB-MS (m/e. (C22H34N2O3 + H) + ): 375 



1 H-NMR 
40 (1H. m) 
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Example §1 

N-p-/4-Methd-3-rentenv1ta^ 

The title compound was prepared in trie same manner as described in Example 49 using thiazole. 

1 H-NMR (CDCI 3( Sppm): 1.40-2.08 (18H, m), 2.10-2.27 (4H. m). 2.27-2.40 (2H, m). 2.61-2.91 (3H. m). 3.62-3.85 
(1H, m), 5.00-5.12 (2H. m). 7.29 (1H, d. J=3.2Hz), 7.32-7.42 (1H. m), 7.72 (1H, d, J=3.2Hz) 
Low Resolution FAB-MS (m/e, (Cz^agNgOaS + H) + ): 392 



w 



Example 52 

N-[i.M-M*^-3-remenv l ^ 

15 The true compound was prepared in the same manner as described in Example 49 using 2-bromopyridine. 

1 H-NMR (CD CI 3 8ppm): 1.30-2.00 (18H, m), 2.03-2.23 (4H, m). 2.28-2.37 (2H, m), 2.74-2.98 (3H. m), 3.62-3.80 
(1H, m), 5.02-5.10 (1H. m). 6.23 <1H, s), 7.23 (1H, dd. J=5.0, 7.5Hz), 7.46 (1H, d. J=8.5Hz), 7.73 (1H, dd. J=9.2, 
8.1Hz), 7.93 (1H. d, J=9.1Hz). 8.44 (1H, d. J=4.2Hz) 
20 Low Resolution FAB-MS (m/e, (C^H^NaC);; + H) + ): 386 

Example 53 

N-p-{4^^vl-3-rente n vnpip^^ 



25 



The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 49 using methyl 3- 
fluorophenylglyoxytate. 

1 H-NMR (CDCI3. Sppm): 1.10-1.76 (14H, m). 1.77-1.95 (4H. m), 2.00-2.20 (4H. m). 2.27-2.36 (2H, m). 2.70-2.90 
30 (2H. m), 2.92-3.14 (2H, m). 3.62-3.78 (1H. m), 5.02-5.11 (1H, m). 6.39 (1H, d. J=8.2Hz). 6.92-7.00 (1H. m). 7.25- 
7.41 (3H. m) 

Low Resolution FAB-MS (m/e, (C^HsgFNjjOz + H) + ): 403 
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Example 54 

N-M-(4-Me1hd-3-Demenv1toiper^ 

The title compound was prepared in the same manner as described in Example 53 using methyl 2-f luorophenylg- 
lyoxlate. 

'H-NMR (CDCI 3 , Sppm): 1.24-1.77 (10H, m), 1.77-1.88 (2H, m). 1.92-2.04 (2H, m), 2.10-2.28 (4H, m), 2.32-2.42 
(2H m) 2 74-3.06 (3H, m). 3.72-3.86 (1 H, m), 4.51 (1 H, br s), 5.07 (1 H, tt. J=1 4, 7.0Hz), 6.44 (1 H. br t. J=7.3Hz). 
6.98-7.04 (1H, m). 7.15 (1H, dt. J-1.3, 7.9Hz). 7.22-7.32 (1H. m), 7.76 (1H. dt, J-1.3, 7.9Hz) 
Low Resolution FAB-MS (m/e, (C^HagFNaOg + H) + ): 403 



Example 55 

N-M-(4-Me1hv<-3-perrtenv<toroert 

so The title compound was prepared in the same manner as described in Example 53 and Step 3 of Example 25 using 
methyl 4-fluorcphenylglyoxylate. 

1 H-NMR (CDCI 3 . Sppm): 1.16-2.00 (13H, m). 1.67 (3H. s). 1.72 (3H, s). 2.00-2.14 (1 H, m). 2.34-2.46 (2H, m), 2.88- 
3.14 (5H. m), 3.40-3.56 (2H, m), 3.77-3.90 (1H. m), 5.02-5.11 (1H, m), 6.69 (2H. s). 6.97-7.06 (2H, m), 7.56-7.66 
55 (2H. m) 

Low Resolution FAB-MS (m/e. (Cz^FNaOa + H) + ): 403 
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Example 56 

N41-(4-MetM^-pentenvnpiperirt^^ 

Step 1 Synthesis of N-r2-ftrimethvteiM)ethoxvniethYl1imidazole 

2.23 g of sodium hydride was added to a solution of 2.93 g of imidazole in tetrahydrofuran under cooling with ice, 
and this mixture was stirred for 25 minutes. 7.5 ml of chloromethyl 2-(trimethylsilyl) ethyl ether was added thereto and 
the resulting mixture was stirred at room temperature overnight. The reaction mixture was mixed with water and 
extracted with chloroform. The organic layer was dried over anhydrous magnesium sulfate. After the solvent was dis- 
tilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing 
solvent: chloroform / methanol = 40/1) to obtain 8.02 g of the title compound. 

Qt»pp fiynthflsis of N-ri-(4-ethv1-3^entBny1)piperi^ 
thvnimidazol-2-v»acetamide 

The title compound was prepared in the same manner as described in Example 49 using N-[2-(trimethylsi- 
lyl)ethoxymethyl]imtdazole. 

Step 3 Synthesis of N-ri-(4-methvl-3-pentenvnpiperi d in-4^^ 

0.3 ml of a 1 N tetrabutylarnmonium fluoride solution in tetrahydrofuran was added to a solution of 44 mg of N-[1 -(4- 
metrry1-3^entenyl)piperHin-4-^^ in 
2 ml of tetrahydrofuran at 60°C, and this mixture was stirred at the same temperature for 5 hours. The reaction mixture 
was mixed with a saturated aqueous solution of sodium bicarbonate and extracted with diethyl ether. The organic layer 
was washed with water and a saturated aqueous solution sodium chloride and then dried over anhydrous magnesium 
sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was purified by preparative thin 
layer chromatography [Kieselgel™ 60F 254 , Art 5744 (manufactured by E. Merck); developing solvent: chloroform / meth- 
anol = 7/1] to obtain 14 mg of the title compound. 

1 H-NMR (CDCI 3 , 5ppm): 1.17-1.98 (12H, m), 1.61 (3H, m), 1.69 (3H, m), 2.06-2.27 (4H, m), 2.28-2.40 (2H, m), 
2.57-2.91 (3H, m), 3.68-3.81 (1H. m), 4.73 (1H, br s). 5.03-5.13 (1H, m), 6.91-7.03 (2H, m), 7.40-7.59 (1H, m), 
9.57-9.87 (1H, m) 

Example 57 

N-[1-(4-Methvl-3-perTtenvnprperidm^^ 

The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 49 using ethyl 5- 
thiazolylglyoxylate. 

1 H-NMR (CDCI3. eppm): 1.10-1.71 (10H. m), 1.68 (3H, s). 1.69 (3H, s), 1.80-1.86 (1H, m), 1.92-1.98(1H, m), 2.11- 
2.22 (4H. m). 2.31-2.37 (2H. m), 2.69-2.85 (3H, m). 3.70-3.81 (1H. m), 4.79 (1H. s), 5.05-5.10 (1H. m). 7.45 (1H. 
d, J=7.9Hz), 7.49 (1H. d, J*2.2Hz), 8.72 (1H. d. J=2.2Hz) 
Low Resolution FAB-MS (m/e, (C^HaaNgOaS + H) + ): 392 

Example 58 

N-M-M-Methvl-3-pemenvnpiperidin^ 

Step 1. Synthesis o f ethyl 2-pyrTolvlQlYOXvlate 

1 .1 g of pyrrole and 1 .5 g of pyridine were dissolved in 30 ml of 1 ,2-dichloroethane and 2.2 ml of ethyl chlorooxalate 
was added thereto. This mixture was stirred at room temperature for 17 hours. The reaction mixture was mixed with a 
saturated aqueous solution of ammonium chloride and extracted with diethyl ether. The organic layer was washed with 
a saturated aqueous solution of sodium chloride and then dried over anhydrous sodium sulfate. After the solvent was 
distilled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing 
solvent: hexane / ethyl acetate = 4/1) to obtain 2.1 g of the title compound. 
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Step 2. a gflhssiS PJ NJ H femejhM^STJtB^^ 

2 1 a of ethyl 2-pyrrolyglyoxylate was dissolved in a mixture of 10 ml of tetrahydrofuran and 5 ml of water. 1 .9 g of 

wasTxtracted with a saturated aqueous solution of sodium bicarbonate, and the aqueous layer was made ac.dK with 
Tn Sr^id Sd extract* with diethyl ether. The organic layer was washed ^^^"^^ n 
of sSmchlorWeand men dried over anrtydrousscdiumsu^ 

sure, the resulting residue was dissolved in 10 ml of N.NKlimethylformarrnde. 700 mgof ^^^'^^T 
added thereto and the resulting mixture was stirred at room temperature for 2 hours^990mg of 4-am.no- 
pentVnyOp^eridine dihydrochloride. 48 mg of 4Hdimethylaminopyridine and 1.5 ml of tr,ethylam>ne ^J^«b 
S Sng mixture was stirred at room temperature for 2 days. The reaction mixture was nM 
aqueous solution of sodium bicarbonate and extracted with diethyl ether The orgamc layer was washed wrfh a satu- 
rated aqueous solution of sodium hydrochloride and then dried over anhydrous sod.um suHate. ^*«^ntw^ 
olsWled off under reduced pressure, the resulting residue was purified by silica gel column chromatography (developing 
solvent: chloroform / methanol = 19/1) to obtain 570 mg of the title compound. 

step 3 . M jHfcMdtoiabBgr^^ 

A solution of cyclopentylmagnesium chloride in diethyl ether was added dropwise to *^^«J»°Z^ 
(4-m^M^-pertenynpip^ and 280 mg of IrtWum perchlorate m 2 ml <>f tetrahydrofuran 

undef ice This mixEre was stirred at the same temperature for 40 minutes. The react, on mixture was 

m^ed^hS 

wa^edrilh ^turated aqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After 
Lasted off under reduced pressure, me resulting residue was purified by silica gel column chromatog- 
raphy (developing solvent: chloroform / methanol = 15/1) to obtain 570 mg of the trfe compound. 

i H -NMR(CDCl3.6ppm): 1.33-1.67 (1 OH, m). 1.61 (3H.s). ^(M^ KS^S 
2 32 (2H. m). 2.49-2.60 (1H. m). 2.72-2.81 (2H. m). 3.45 (1H. br s). 3.64-3.78 (1H. m). 5.03-5.09 (1H. m). 6.08 6.16 
(2H. m). 6.42 (1H. d, J=7.9Hz). 6.70-6.72 (1H. m). 9.04 (1H, br s) 
Low" Resolution FAB-MS (m/e. (C22H35N3O2 + H)): 374 

Example 59 

N.[1.M-M^y1-3-nerrtemm p i pflr^ 

Step 1. R ynthftsis of ethyl 2-f5-bromo-4-pyr imidinY|)acetate 

1 1 .6 ml of a 1 .5 M lithium diisopropylamide solution in hexane was added dropwise to a Bdu^ of2T g of eThyl 
acetate in 80 ml of tetrahydrofuran at -78*C. and this mixture was stirred at the same temperature for an hour A solution 

mixtufe was gra^ warmed to room temperature with stirring over a period of 3 hours. The reaction mixture was 
mix^ w^alSuSed aqueous solution of ammonium ch^ 

wa^ed^th rsaturatedaqueous solution of sodium chloride and then dried over anhydrous magnesium sulfate. After 
me^e" washed off under reduced pressure, the resulting residue was disserved in 200 ml of ch'oroform^xed 
^misgof manganese dioxide, and stirred at roomtemperat.refor 24 hou^ 

f iltrate was condensed under reduced pressure. The resulting residue was purrf.ed by silica gel column chromatography 
(developing solvent: hexane / ethyl acetate = 20/1 - 5/1) to obtain 3.6 g of the title compound. 

Step 2. Synthesis of eth vl f4-ovrimidinvnalvoxalat9 

A solution of 2 g of ethyl 2.(5^romo-4-pyTimidinyl)acetate. 1 .74 g of N-brorr«suwinim,de and 100 mg. of a£-<*c- 
bisisobutyronitrile in 50 ml of carbon tetrachloride was stirred at 85*C for 2 hours. The. reaction ^*™*J^* 
roomte^erature and filtered. The filtrate was condensed under reduced pressure and the **' 
solved inio ml of acetonitrile. This solution was added dropwise to a solution of 4.8 g of pyrdine Hmd* and £3 got 
; silver nitrate in 100 ml of acetonitrile under cooling with ice. and the solution was warmed to ^ ternpe^e arrf 
^ed fo r 20 hours. The reaction mixture was mixed with 4 ml of triethylamine. stirred for an hour, diluted wrthahyl ace- 
tetelrS filtered The filtrate was condensed under reduced pressure and the resutting residue was dissolved .n cnlo- 
£^Tfertdon was washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous 
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solution of sodium chloride and then dried over anhydrous magnesium sulfate. After the solvent was distilled off under 
reduced pressure, the resulting residue was purified by silica gel column chromatography (developing solvent: hexane 
/ ethyl acetate = 4/1 - 2/1) to obtain 800 mg of a white solid. A solution of 350 mg of this solid. 380 mg of sodium bicar- 
bonate and 90 mg of 1 0% palladium-carbon in 1 5 ml of ethanol was stirred under an atmosphere of hydrogen at atmos- 
5 pheric pressure and room temperature for 2 hours. The reaction mixture was filtered with celite and the ethanol was 
distilled off under reduced pressure. The resulting residue was purified by preparative thin layer chromatography 
[Weselgel™ 6OF254, Art 5744 (manufactured by E. Merck); developing solvent: hexane / ethyl acetate = 12/1] to obtain 
110 mg of the title compound. 

10 Step 3. Synthesis of ethvl 2-cvclq3entvl-2-hv rirmcv-2-f4-nvrimidinvnacetate 

The title compound was prepared in the same manner as described using ethyl (4-pyrimidinyt)glyoxylate. 

Step 4 Synthesis of N-M -f4-metrwl-3-nflntenv1 ta inf^ 

is 

0.65 ml of a 1 M trimethylaluminum solution in hexane was added to a solution of 85 mg of 4-amino-1 (4-methyl- 
pentenyl)piperidine dihydrochloride in 5 ml of tolinene under cooling with ice, and this mixture was stirred at the same 
temperature for 2 hours. A solution of 29 mg of ethyl 2-cyclopentyl-2-hydroxy-2-(4-pyrimidinyl)acetate in 3 ml of toluene 
was added to the reaction mixture. The resulting mixture was stirred at 100°C for 18 hours, mixed with 1N hydrochloric 
20 acid under cooling with ice. made alkaline with a saturated aqueous solution of sodium bicarbonate, and extracted with 
chloroform. The organic layer was washed with a saturated aqueous solution of sodium chloride and then dried over 
anhydrous magnesium sulfate. After the solvent was distilled off. the resulting residue was purified by preparative thin 
layer chromatography [Kieselgel™ 60F 254 . Art 5744 (manufactured by E. Merck); developing solvent: chloroform / meth- 
anol » 9/11 to obtain 6 mg of the title compound. 

1 H-NMR (CDCU, 6ppm): 0.99-1 .98 (12H. m). 1 .63 (3H, s). 1 .70 (3H. s). 2.08-2.43 (6H. m). 2.74-2.96 (3H. m). 3.65- 
3.82 (1H. m). 5.04-5.13 (1H. m), 5.60 (1H. s). 7.44 (1H. br d. J=7.8Hz). 7.96 (1H. br d. J=5.4Hz). 8.74 (1H. d. 
Ja5.4Hz).9.13(1H, brs) 

Low Resolution FAB-MS (m/e. (C22H34N4O2 + H)): 387 

30 

Example 60 

N4l-fCvdoheptvlmethvnape^ 

35 .Qtop 1 Synthesis of 4-amino-1-fcvcloh ftptvlmethvl)piperidine dihydrochloride 

The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 22 using cyclohep- 
tylmethyl methanesuffonate. 

40 Step 2. Synthesis of N-f 1 -fcvcloheotvlmethvltoip e ridin-4^^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using 2-cyclopentyl- 
2-hydroxy-2-(5-thiazolyl)acetic acid obtained in Example 57 and 4-amino-1-(cycloheptylmethyl)piperidine dihydrochlo- 
ride. 

1 H-NMR (CDCI3. 5ppm): 1.04-1.80 (24H. m), 1.88-1.93 (1H, m). 2.00-2.14 (4H. m), 2.65-2.75 (3H. m). 3 66-3.81 
(1H. m). 4.79 (1H. S), 7.42 (1H, d. J=7.6Hz), 7.49 (1H. d, J=2.2Hz). 8.72 (1H, d. J=2.2Hz) 
Low Resolution FAB-MS (m/e. (C23H37N3O2S + H) + ): 420 

so Example 61 

N-fHCvclohep t ylmetrrvMrj ^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using 2-cyclopentyl- 
55 2-hydroxy-2-(5-thierry1)acetic acid obtained in Example 47 and 4-amino-l-(cycloheptylmethyl)piperidine dihydrochlo- 
ride. 

1 H-NMR (CDa 3 . 5ppm): 1.30-1.80 (22H. m). 1.79-1.90 (2H, m). 1.98-2.17 (4H. m). 2.66-2.89 (4H. m), 3.65-3.78 
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(1H. m). 3.70-4.08 (1H. m), 6.34 (1H, d, J=7.9Hz), 6.96 (1H, dd. J=5.0. 3.6Hz), 7.07 (1H. dd. J=3.6. 1.2Hz), 7.26 
(1H.dd, J=5.0, 1.2Hz) 

Low Resolution FAB-MS (m/e. (C^HasNaOzS + H) + ): 419 

5 Example 62 

N-[1-{Cyctoheotv1methyn^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using 2-cyclopentyl- 
10 2-(2-furyf)-2-hydroxyacetic acid obtained in Example 50 and 4-amino-1 -(cycloheptylmethyl)piperidine dihydrochloride. 

1 H-NMR (CDCI 3 , Sppm): 1 .32-1.98 (24H. m). 1.98-2.15 (4H, m). 2.57-2.80 (3H, m), 3.69-3.83 (1H, m). 4.14 (1 H. s). 
6.17 (1H, d. J=7.2Hz). 6.35 (1H, d. J=3.3Hz). 6.38 (1H, dd. J=3.3. 0.9Hz), 7.36 (1H, d. J=0.9Hz) 

is Example 63 

N-[i.(Hydoheptvlmeth v ^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using 2-cyclopentyl- 
20 2-hydroxyl-2-(2-thiazolyl)acetic acid obtained in Example 51 and 4-amino-1 -(cyclohepty1methyl)piperidine dihydrochlo- 
ride. 

1 H-NMR (CDCI3. Sppm): 1.00-118 (2H, m), 1.19-1.84 (23H. m). 1.85-1.97 (1H, m). 1.98-2.18 (3H, m). 2.60-2.81 
(3H. m), 3.66-3.81 <1H, m). 5.05 (1H, s). 7.29 (1H, d. J=3.3Hz). 7.38 (1H, d. J=7.9Hz), 7.71 (1H, d, J=3.3Hz) 
25 Low Resolution FAB-MS (nVe. (C23H37N3O2S + H) + ): 420 

Example 64 

N41-fCvcloheprylmethvnp^^ 

30 

The title compound was prepared in the same manner as described in Steps 2 to 3 of Example 58 using ethyl 2- 
thienylglyoxylate and 4-amino-l-(cycloheptylmethy0piperidine dihydrochloride. 

1 H-NMR (CDCI3, Sppm): 1.01-1.92 (25H, m), 1.96-2.18 (4H, m), 2.62-2.94 (3H. m), 3.21 (1H, br s), 3.64-3.80 (1H, 
35 m), 6.31 (1H, br d, J=6.8Hz). 7.19 (1H. dd, J=5.0, 1.4Hz), 7.25-7.34 (2H, m) 

Example 65 

40 

The title compound was prepared in the same manner as described in Sept 4 of Example 22 using 2-cyclbpentyl- 
2-hydroxy-2-(2-pyridyl)acetjc acid obtained in Example 52 and 4-amino-1-(cycloheptylmethy1)piperidine dihydrochlo- 
ride. 

45 1 H-NMR (CDCI3. Sppm): 0.96-1.16 (4H, m). 1.32-1.78 (20H, m), 1.86-1.92 (1H, m), 1.98-2.09 (4H, m), 2.67-2.75 
(2H. m). 2.86-2-96 (1H, m), 3.62-3.76 (1H, m). 6.21 <1H. br s), 7.21-7.26 (1H, m), 7.45 (1K d. J=7.9Hz). 7.69-7.45 
(1H. m)! 7.94 (1H, d, J=7.8Hz), 8.43-8.45 (1H. m) 
Low Resolution FAB-MS (m/e. (CzgHggNaOa + H) + ): 414 

50 Example 66 

N.ri-{CvdohBrjMmBt r iv^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using 2-(3-f luorophe- 
55 nyl)-2-cydopentyl-2-hydroxyacetic acid obtained in Example 53 and 4-arrtno-1-(cycloheptyimethyl)piperidine dihydro- 
chloride. 

1 H-NMR (CDCI3. Sppm): 1.00-1.28 (3H. m). 1.28-1.90 (22H, m). 1.95-2.20 (4H. m). 2.60-2.80 (2H. m). 2.90-3.04 
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(1H, m), 3.08 (1H. S), 3.62-3.78 (1H, m), 6.34 (1H. d. J=7.4Hz), 6.90-7.00 (1H, m), 7.24-7.42 (3H. m) 
Low Resolution FAB-MS (m/e. (CseHajFNaOz + H) + ): 431 

Example 67 

N. ry(Cvdoheptv1metMtoperkJi ^ 

The title compound was prepared in the same manner as described in Step 4 of Example 22 using Z^^rophe- 
nyl)-2-cyclopentyS-hydroxyacetic acid obtained in Example 54 and 4-amino-1-(cycloheptytmethy1)p.perd.ne d.hydro- 
10 chloride. 

1 H-NMR (CDa 3 . Sppm): 1.00-1.15 (2H, m). 1.30-1.82 (22H. m). 1.86-2.12 (5H. m). 2.58-2 75 (2H. m) 2 .86^01 
(1H m). 3 65-3 80 OH. m). 4.59-4.62 (1H, m). 6.30-6.46 (1H, m). 6.96-7.08 (1H. m). 7.15 (1H, dt J-1-3. 7.9Hz). 
7.22-7.31 (1H, m). 7.77 (1H, dt. J-1.3, 7.9Hz) 
rs Low Resolution FAB-MS (m/e, (CagHagFNaOz + H) + ): 431 

Example 68 

M . r i. f r. Y Hnhp ptdm^ 

The title compound was prepared in the same manner as described in Step 4 of Exarnpte 22 using 2-cydcpentyI- 
2-(4-fluorophenyT2-hydroxyacetic acid obtained in Example 55 and 4-amino-1-(cycloheptylmethy!)p.pend.ne d.hydro- 
chloride. 

1 H-IMMR (CDCI3, 5ppm): 1.00-1.30 (3H, m), 1.30-1.92 (22H, m), 1.92-2.15 (4H, m), 2.62-2.76 (2H. m). 2.92-3.10 
(1H m) 3 04 (1H.S) 3 60-3.74 (1H, m), 6.33 (1H, d. J=8.4Hz), 6.96-7.06 (2H, m). 7.54-7.62 (2H, m) 
Low Resolution FAB-MS (m/e. (Cjjei+jgFNaOa + H) + ): 431 

Example 69 

N.[i-f2.r,y C k»enWletr^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using 2-cyclopentyle- 
thyl methanesulfonate. 

1 H-NMR (CDCI3. 5ppm): 1.03-1.28 {2H. m). 1.42-1.90 (21H. m). 2.03-2.10 (2H. m). 2.29-2.35 (2H m), 2.78-2.88 
(2H m) ^00-3.14 (2H. m). 3.68-3.72 (1 H. m), 6.33 (1H. d, J=7.6Hz). 7.23-7.36 (3H. m). 7.57-7.61 (2H. m) 
Low Resolution FAB-MS (m/e. (C^H^NaC^ + H)+): 399 

40 Example 70 

M-p.f f ;yrir«y^metrtvn ^ 

The title compound was prepared in the same manner as described in Example 33 using cyclooctylcarbaldehyde. 
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1 H-NMR (CDCI3. 6ppm): 1.07-1.25 (1H. m). 1.35-2.17 (25H. m). 2.40-2.84 (6H. m). 2.99-3.16 (1H. m). 3.49-3.64 
(2H m). 3 85-4.01 OH. m). 6.88 (1 H. br d. J=8.4Hz), 7.21 -7.41 (3H. m). 7.59 (2H, br d. J=8.3Hz) 

Example 71 

The title compound was prepared in the same manner as described in Step 3 of Example 27 and Step 5 of Example 
22 using 5-bromo-2-methy1pentane. 

1 H-NMR (CDCfe. Sppm): 0.92 (6H. d. J=6.6Hz). 1.20-2.14 (18H. m). 2.93-3.16 (6H. m). 3.50-3.63 (2H. m). 3.79- 
3.90 (1H. m). 7.20-7.31 (3H. m). 7.60 (2H. d. J=7.3Hz) 
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N41-ft ra ns-4-MftmylcvdODent v lm 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using trans-4-meth- 
ylcyclopentyl methyl methanesutfonate. 

1 H-NMR(CDCI 3 .5ppm):0.86(3H,d, J=6.9Hz). 1.15-1.98 (22H, m), 1 .91 -2.02 (2H, m). 2.05 (2H, d. J=7.3Hz), 2.63- 
2.71 (2H. m). 2.93-3.06 (1 H. m), 3. 1 8 (1 H, s). 3.60-3.73 (1 H, s). 6.25 (1 H, d, J=8.2Hz), 7.21 -7.37 (3H, m), 7.59 (2H, 
d. J=7.5Hz) 

Low Resolution FAB-MS (m/e, (CaeH^NaOz + H) + ): 413 



Example 7? 

, 5 N-ri-micvcior3.3.oioct-3-vlm^^ 

The title compound was prepared in the same manner as described in Example 33 using bicycJo[3.3.0]octanecar- 
baldehyde. 

20 1 H-NMR (CDCI 3 . Sppm): 1.02-1.75 (18H. m). 1.86-2.00 (2K m), 2.01-2.22 (2H, m). 2.23-2.41 (1H. m), 2.43-2.60 
(2H, m). 2.95-3.23 (5H, m), 3.50-3.63 (2H, m). 3.77-3.95 (1H, m), 7.18-7.33 (3H. m), 7.56-7.64 (2H, m) 
Low Resolution FAB-MS (m/e. (C26H40N2O2 + H) + ): 425 



Example 74 

N-n -f BicvdoM. 1 ,01hept-7-y1methvno ineridin-4-vn-2-^ 

The title compound was prepared in the same manner as described in Step 3 of Example 27 using bicy- 
clo[4. 1 .0]hept-2-ylmethyl 4-totuenesulfonate. 

1 H-NMR (CDCI3, Sppm): 0.49-0.59 (1H. m). 0.60-0.72 (2H, m), 1.08-1.38 (4H. m), 1.41-2.00 (16H, m), 2.04-2.24 
(2H, m). 2.30 (2H, d. J=6.6Hz), 2.82-3.18 (4H. m), 3.63-3.81 (1H, m). 6.37 (1H. d, J=8.4Hz), 7.23-7.40 (3H, m), 
7.61 (2H, d. J=7.8Hz) 

35 Formulation Example 1 
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Ingredient 


mg per tablet 


Compound of Example 28 


5.0 


Lactose 


103.8 


Crystalline cellulose 


20.0 


Partially gelatinized starch 


20.0 


Magnesium stearate 


1.2 


Total 


150.0 



so 20.0 g of the compound of Example 28, 41 5.2 g of lactose. 80 g of crystalline cellulose and 80 g of partially gelat- 
inized starch were blended in a V-type mixer. Then. 4.8 g of magnesium stearate was added and further blending was 
carried out The resulting Wend was formed into tablets in the usual manner. Thus, there were obtained 3.000 tablets 
having a diameter of 7.0 mm and a weight of 150 mg. 
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Formulation Example 2 





Ingredient 


mg per tablet 


5 


Tablet of Formulation Example 1 


150 




Hydroxypropylcellutose 2910 


3.6 




Polyethylene glycol 6000 


0.7 


10 


Trtanium dioxide 


0.7 




Total 


155.0 



15 



20 



25 



10.8 g of hydroxypropylcellulose 2910 and 2.1 g of polyethylene glycol 6000 were dissolved in 172.5 g of purified 
water. Then, 2. 1 g of titanium dioxide was dispersed therein to prepare a coating fluid. Using a High Coater Mini, 3,000 
tablets which had been prepared separately were spray-coated with the coating fluid. Thus, there were obtained film- 
coated tablets having a weight of 1 55 mg. 

Formulation Example 3 

0.1 g of the compound of Example 28 was dissolved in 900 ml of physiological saline, and an additional amount of 
physiological saline was added to make a total amount of 1.000 ml. The resulting solution was sterilized by filtration 
through a membrane filter having a pore size of 0.25 urn. Then, 1 ml each of this solution was filled into sterilized 
ampules to make an inhalational liquid preparation. 



Formulation Example 4 

10 g of the compound of Example 28 and 70 g of lactose were uniformaly blended. Then. 100 mg each of this pow- 
der Wend was filled into exclusive powder inhalers to make an inhalational powder preparation (400 ^g per inhalation). 

Exploitabilrty in Industry 

The 1.4-di-substituted piperidine compounds of the present invention have selective antagonistic activity against 
the muscarinic M 3 receptors and can hence be used safely with a minimum of side effects. Accordingly, they are very 
useful in the treatment or prophylaxis of diseases of the respiratory system, such as asthma, chronic airway obstruction 
and fibroid lung; diseases of the urinary system accompanied by urination disorders such as pollakiuria, urinary 
urgency and urinary incontinence; and diseases of the digestive system, such as irritable colon and spasm or hyper- 
anakinesis of the digestive tract. 

40 Claims 

1 . A 1 .4«Ji-substituted piperidine derivative of the general formula [I] 
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HO- 



Ar O 



l ^ ' 
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and the pharmaceutical^ acceptable salts thereof, wherein: 

Ar represents a phenyl group or a five- or six-membered heteroaromatic group having one or two hetero atoms 
selected from the group consisting of an oxygen atom, a sulfur atom and a nitrogen atom in which one or two 
optional hydrogen atoms on the ring may be replaced by substituent groups selected from the group consisting 
of a halogen atom and a lower alkyl group; 

r 1 represents a cycloalkyi group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 carbon atoms; 
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R 2 represents a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms; and 
X represents O or NH. 

The compound of claim 1 wherein Ar is a phenyl group or a heteroaromatic group such as 2-pyrrolyl, 3-pyrroryf, 2- 
furyl 3-furyf 2-thienyl. 3-thienyf. 3-pyrazolyl. 4-pyrazolyl. 3-isoxazolyi. 5-isoxazolyl, 2-imidazolyl, 4nmrdazolyf. 2- 
oxazofyl 4-oxazolyl. 5-oxazolyl. 2-thiazolyl. 4-thiazolyl. 5-thiazolyl. 2*yridy1. 4-pyridyi. 2-pyrimidinyl or 4-pyr.mKl.- 
nyl. in which one or two optional hydrogen atoms on the ring may be replaced by substituent groups se eded from 
the group consisting of a fluorine atom and a methyl group, and the pharmaceutical^ acceptable salts thereof. 

The compound of daim 1 wherein R 1 is a cycloalkyl group of 3 to 6 carbon atoms or a cycloalkenyl group of 3 to 6 
carbon atoms, especially a cydopropyl, cyclobutyl. cyclopentyl or cyclopentenyt group, and the pnarmaceut»cally 
acceptable salts thereof. 

The compound of claim 1 wherein X is NH. and the pharmaceutical^ acceptable salts thereof. 
The compound of claim 1 wherein R 2 is a group of the formula [II] 

R* R c 

— q — i — i — R e Hi] 

R b k d 



in which 



Q represents a methylene, ethylene, trimethylene or tetramethylene group; 

R* and R c each represent a hydrogen atom or are combined to form a single bond; and 

R b Pf* and R e may be the same or different and each represent a hydrogen atom, a lower alkyl group or a 

cycloalkyl or cycloalkenyl group of 3 to 8 carbon atoms or R b and R d . or R* 1 and R e . are combined to form a 

cycloalkyl or cycloalkenyl group of 3 to 8 carbon atoms, and the pharmaceutically acceptable salts thereof. 

The compound of claim 1 wherein R 2 is a linear or branched C 5 -C 15 alkyl. C s -C 15 alkenyi or C 5 -C 15 alkynyl group, 
a C^-Cic cycloalkylalkyl or C 5 -C 15 cycloalkytalkenyl group in which an optional hydrogen atom(s) on the cycloalkyl 
ring may be replaced by a lower alkyl group(s). a C 5 -C 15 bicycloalkyfalkyl or C 5 -C 15 bicycoalkylalkenyl group .n 
which an optional hydrogen atom(s) on the bicycloalkyl ring may be replaced by a lower alkyl group(s). a Cg-C^ 
cycloalkenylatkyl or C 5 -C 15 cycloalkenylalkenyl group in which an optional hydrogen atom(s) on the cycloalkenyl 
ring may be replaced by a lower alkyl group(6). a C 5 -C 15 bicycloalkenylalkyl or C 5 -C 15 bicyloalkenylalkenyl group 
in which an optional hydrogen atom(s) on the bicycloalkenyl ring may be replaced by a lower alkyl group(s). or a 
C 5 -C 15 cycloalkylalkynyl or C 5 -C 15 cycloalkenylalkynyl group, and the pharmaceutically acceptable salts thereof. 

The compound of claim 1 which is selected from the group consisting of 

N-[H4-methy1-3i>erteny1)piperid^^ 

N-(1-hexylpiperidin-4-yl)-2^clobutyl-2-nydroxy-2-phenylacetamide, 

N-{H(Z)^-hexenyltoiperidin^-yl)-2-cyclc^ 

N-{H(E)-3-hexeriyltoiperidin^-yl}-2^ 

N-[1 <6^ethyl-5-heptenyl)piperidin-4-yn-2^clcbutyf-2-hydroxy-2-phe^ 

N-[H4^ethy1-3^entenyl)piperidin^-yn-2<*clcbut^^^ 

N-lH5^ethyl-44iexeny1)piperkiin^ 

N-[H4^etfiytoentyt)piperidin-4-yn-2^ 

NHH4^ethy1-2i>entyny0piperidin-4-^ 

N-[1 ^5-methyl-3^exynyl)piperidir^4-yf]-2^clobuty1-2-hydroxy-2^her^ 

N^H4^ethyl-3^menyl)ptoeridin-4-y^ 

N-{H(4SM-methylhexyqptoeridm^ 

N-[H4.5<iimethyM-hexeriy0piperWin^^^ 

N-[H4^ethyt-3i>enteriyl)piperidin-4-y1]-2^do^^ 

N-{H(4SM-methylhexynpiperidin^-^ 
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N4H4-methyl-3i>erteny0p«peridin^-yq^ 
N-{H(4SMHTiethythexy1]piperkJm^ 

(2R)-N-[1 -(4-methyl-3-penteny0piperidin-4-yll-2-(1 -cyclopenten-1 -yl^-hydroxy^henylacetamide, 
[1 -(4-methyl-3-pentenyl)pipericEn-4-yl] 2>cyclobutyl-2-hydroxy-2-phenytacetate. 
[(4-methylpentyl)piperidin-4-yn 2-cyctobuty1-2-hydroxy-2-pheny1acetate. 
[1 -(1 -cyclohexylethyl)piperidin-4-yt] 2-cyclobutyl-2-hydroxy-2-phenylacetate. 
(2R)^1-[(4S)^methylhaxyQpiperidta 

[1 (3-cyclopenty1idenepropyJ)-piperldin-4-yl] 2-cyclobutyl-2-hydraxy-2-phenylacelate 1 

N-[(E)-1-(4-memyM-hexenyQpiperidin^-yi^ 

N-[(Z)-1-(4-methyM-hexenyl)pip^ 

(2R)-N-[1-(4-methy1-3-pemenyl)piperid^ 

N-{H(4SM^ethymexy1]piperidin^-yl}-2^ydob^ 

N-[H4MTiethyl-3i3erteny0piperidin^ 

(2R)-N-[1-(4^ethyl-3-perteny1)pipe^^ 

(2R)-N-{1-[(4S)-4-memy1hexyl]piperidin-4-yl}-2-cyclopentyl-2-hydroxy-2-phe^ 

N-[l-(E)-(4-meihyl-2-pertenyl)piperM^ 

N-[1-(E)-(4-methyl-2-hexenyQpiperidin^ 

N-[l-(cydohexylmethy0piperidin^-yH-2^ 

N-[Hcydoheptylmethyl)piperidin^ 

(2R)-NH1-(cydoheptylmethyQpiperid^ 

N-[1 -(1 ^ydoheptenylmethyljpiperidin^-^ 

N-[1 -(1 Kydohexeny1methy1)piperkiin-4-yQ-2<ydopentyt-2-hydroxy-2i3henylacetam 

N-[1Kcycloperrtylmethy1)piperidin-4-yl]-2<yclopentyl-2-hydroxy-2-ph 

N-[1 -(1 <ydopentenylmethy0piperidin^-yl]-2^yclpentyl-2-hydroxy-2^heny^ 

N-[1-(3<riethyl-lK;ydohexenylmetl^ 

N-[1-(4-methyl-lK*dohaxylmethy0piper^ 

N-[1-(2^ydohaxylmethyl)piperkiin-4^ 

N-(1-pentylpiperidin-4-y1)-2-cyclopentyl-2-hydroxy-2-phenylacetamide, 
N-[1-(trare-3-methylcydohexy1 methyl 

N-[Hcis-3-methytcyclohexylmettiyl)piperidin^-yl]-2-cyclopentyl-2-hydroxy-2 
N-[1-(3-methyl-lK:ydopenteny1methyl)piperidin^-yO-2^ydopentyl-2-hydroxy-2 
N-tH4-methyl-3^emeny0piperidin-4-y0-2^ydopentyl-2-hydroxy-2-(2-thi 
N-[1-(4^ethyl-3i>emeny0piperidin^^ 

N-[H4-methy1-3i3errteny0piperidin-4-yn-2^ydopentyl-2-(3-fury0-2-hyd 
N-[H4^ethyl-3^emeny0piperidin-4-yq-2^yclopentyl-2-(2-fury0-2-hydrcK^ 

N-[H4-methyt-3i3errtenyl)pip^ 
N-[H4-methyl-3i>errteny1)piperidin-4^ 

N-[H4^ethyl-3^errterty0piperidin-4-yn-2^clopentyl-2-(3-fluorophenyl)-2^ydrw 

N-[1-(4-methyl-3i3enteny0piperidin-4-y0-2H;ydopenty1-2-(2-fluorophe 

N-[H4^ethyl-3i>enteny9piperkiin^ 

N-[l-(4-methyl-3i5emeny0piperidi^ 

N-[H4^ethyl-3i)enteny0pipe^^ 

N-[1-(4-methyl-3i3emenyl)piperidin-4-yn-2^clopentyl-2-hydroxy-^ 

N-[1-(4-methyl-3i>ertenyl)piperidin-4-ya-2^ 

N-[HcydoheptytmethyOpiperidi^ 

N-[l-(cyctoheptylmetMP'perW»n-4-yn-2^ydoperrtyl-2-hydroxy-2-^ 

N-[Hcydoheptylmethyl)piper^ 

N-[Hcydoheptylmethyt)piperWin^-ylh2^yd 

N-[1 <c^oheptylmethyl)ptperidin-4-yIl-2<ycloperrtyl-2-hydraxy^ 

N-[Hcydoheptylmethyl)pperidin^-y1]-2^clopenty!-2-hydrQxy-2-(2i5yrkj 

N-[Hcydoheptylmethy1)pipe^ 

N-[Hcydoheptytmethyl)piperkiin-4-^^ 

N-[Hcydoheptylmethyt)prperidin^^ 

N4H2^ydopentylethy1)piperidin-4-y^ 

N-11 -(2^doortytmethy0piperidin^-yl]-2 

N^l^riethytpentyQpiperkJin^^ 

N-[Htrare^-methylcydopentylmethyl)prperidirv4-yQ-2-cyd^ 
and 
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N-[1-(bicyclo[3.3.0]oct-3-ylmet^^ **** ^ e P^" 

maceutically acceptable salts thereof. 

8. The compound of claim 1 which is (2R)-N-[1 -(4-memyW-pertenyl)piperid^ 
lacetamide, and the pharmaceutical^ acceptable salts thereof. 

9. A pharmaceutical composition comprising a 1 ,4-di-substituted piperidine derivative of the general formula [Q as 
claimed in claim 1 or a pharmaceutical!/ acceptable salt thereof, and one or more pharmaceutically acceptable 
adjuvants. 

10. The composition of claim 9 which is useful in the treatment or prophylaxis of asthma, chronic airway obstruction, 
fibroid lung, urination disorders, irritable colon, and spasm or hyperanakinesis of the digestive tract. 

11. A method for the treatment or prophylaxis of asthma, chronic airway obstruction, fibroid lung, urination disorders, 
irritable colon and spasm or hyperanakinesis of the digestive tract which comprises administering a 1 ,4-di-subst- 
tuted piperidine derivative of the general formula [I] as claimed in claim 1 or a pharmaceutically acceptable salt 
thereof to the patient 

12. A process for the preparation of a 1,4-di-substrtuted piperidine derivative of the general formula [0 as claimed in 
claim 1 which comprises: 

(a) reacting a camoxylic acid of the general formula [III] 

Ax 

HO | COOH [IIU 
R 1 

wherein Ar and R 1 are as defined above, or a reactive derivative thereof with a compound of the general for- 
mula [IV] 



hx-^J*— 



R 20 [IV] 



wherein R 20 represents a saturated or unsaturated aliphatic hydrocarbon radical of 5 to 15 carbon atoms or a 
saturated or unsaturated aliphatic hydrocarbon radical of 2 to 14 carbon atoms having a protected or unpro- 
tected oxo group, and X is as defined above, or a salt thereof; and when R 20 is a saturated or unsaturated 
aliphatic hydrocarbon radical of 2 to 14 carbon atoms having a protected or unprotected oxo group, ^protect- 
ing the resulting product where necessary, subjecting it to the Wittig reaction, and reducing the existing double 
bond where necessary; t >M _ , 

(b) reacting a carboxyiic acid of the above general formula [III] or a reactive derivative thereof with a compound 

of the general formula [V] 



[V] 



wherein E is a protective group for the imino group, and X is as defined above, or a salt thereof; deprotecting 
the resulting compound of the general formula [VI] 
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At q 

HO 



-I d-X— / — E [VI] 

R 1 V " / 



wherein Ar, R 1 , X and E are as defined above; reacting the compound of the general formula [VII with a com- 
pound of the general formula [VI f] or [VI If] 

r20_ l [VII] 

or 

R^-CH^R^-COR 23 

wherein R 21 and R 22 may be the same or different and each represent a hydrogen atom or a lower alkyt group. 
R 23 represents a hydrogen atom or a saturated or unsaturated aliphatic hydrocarbon radical of 1 to 12 carbon 
atoms L represents a leaving group, and R 20 is as defined above, if necessary, in the presence of a base; and 
when a compound of the general formula [VII] in which R 20 is a saturated or unsaturated aliphatic hydrocarbon 
radical of 2 to 14 carbon atoms having a protected or unprotected oxo group or a compound of the general for- 
mula [VIII] is reacted, deprotecting the resulting product where necessary, subjecting it to the Wlttig reaction, 
and reducing the existing double bond where necessary; or 

(c) deprotecting a compound of the above general formula [Vf] and subjecting it to a reductive alkylate*! reac- 
tion with a compound of the general formula [IX] 

R*»-CHO M 

wherein R 24 represents a saturated or unsaturated aliphatic hydrocarbon radical of 4 to 14 carbon atoms. 
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